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PREFACE 

This  book  contains  the  substance  of  twenty  lectures  given 
at  the  University  of  Wisconsin.  The  lectures  have  been 
revised,  but  the  general  form  in  which  they  were  given  is 
retained.  Many  papers  have  been  published  in  the  govern- 
ment reports  and  in  the  various  magazines  upon  special  phases 
of  the  conservation  of  the  natural  resources  of  the  United 
States;  but  no  correlated  statement  covering  the  minerals, 
waters,  forests,  soils,  their  relations,  and  the  relations  of  the 
subject  as  a  whole  to  humanity,  is  available.  It  therefore 
seemed  advisable  to  put  into  a  handbook  of  moderate  size  the 
essential  information  which  an  intelligent  citizen  might  desire 
in  reference  to  conservation. 

It  is  somewhat  presumptuous  for  any  one  man  to  speak 
concerning  fields  which  are  so  widely  different  from  one  another 
as  are  the  minerals,  waters,  forests,  and  soils,  and  especially 
to  speak  of  the  relations  of  these  subjects  to  political  economy, 
and  to  law,  existing  and  desirable;  yet  it  is  necessary,  in 
order  that  there  shall  be  unity  of  treatment,  that  the  attempt 
be  made  by  some  one.  Since  no  man  can  possibly  be  familiar 
with  the  facts  of  all  these  branches  of  knowledge,  it  is  almost 
certain  that  occasional  errors  will  have  crept  in;  but  there 
has  been  very  earnest  effort  to  verify  so  far  as  possible  every 
statement  of  fact,  and  thus  reduce  such  errors  to  a  minimum. 

It  is  certain  that  the  specialist  in  any  of  the  fields  covered 
will  be  dissatisfied  with  the  treatment  of  that  field;  but  in 
order  to  cover  the  entire  subject  of  conservation  in  a  book 
of  moderate  size  it  is  necessary  to  abbreviate;  not  only  so, 
but  to  omit  many  ramifications  of  the  subject  which  it  would 
be  interesting  and  profitable  to  follow.  Doubtless,  in  the  near 
future,  there  will  be  separate  books  on  conservation  for  each 
of  the  divisions  of  the  subject ;  and  in  such  books  there  will 
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be  room  for  amplification  which  is  not  possible  in  a  general 
handbook. 

In  the  preparation  of  this  book  I  have  drawn  on  all  avail- 
able sources,  and  therefore  am  indebted  to  many.  So  far  as 
material  has  been  taken  directly  I  have  attempted  to  give 
references  to  the  sources,  but  I  cannot  be  sure  that  proper 
reference  is  made  in  every  case.  I  claim  no  originality  as  to 
facts ;  they  are  all  taken  from  various  authorities.  However, 
the  great  mine  from  which  information  has  been  exploited 
is  the  Report  of  the  National  Conservation  Commission,  with 
the  accompanying  papers,  in  three  volumes,  containing  together 
1840  pages.  Had  this  report  not  been  issued,  it  would  not 
have  been  possible  to  write  this  book. 

To  many  of  my  scientific  friends  I  am  indebted  for  direct 
information  by  letter;  and  especially  I  have  called  upon  the 
officers  of  the  United  States  Geological  Survey  and  the  Forest 
service,  and  the  professors  of  the  University  of  Wisconsin. 
Not  only  so,  but  I  have  had  the  advantage  of  criticism  on 
parts  of  the  manuscript  by  a  number  of  men,  among  whom 
are  the  following:  M.  R.  Campbell,  Fred  Dennett,  C.  W. 
Hayes,  M.  0.  Leighton,  W  J  McGee,  D.  W.  Mead,  R.  A.  Moore, 
F.  H.  Newell,  A.  L.  Stone,  Thomas  R.  Shipp,  A.  C.  Veatch,  I.  C. 
White,  A.  R.  Whitson.  For  their  helpful  criticism  I  am  very 
grateful. 

It  is  my  hope  that  this  book  may  serve  a  useful  purpose 
in  forwarding  the  great  movement  for  conservation  which,  as 
it  seems  to  me  from  the  point  of  view  of  the  not  distant  future 
of  the  human  race,  is  more  important  than  all  other  move- 
ments now  before  the  people. 

The  University  of  Wisconsin, 
July,  1910. 
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THE   CONSERVATION   OF   NATURAL 
RESOURCES 

IN  THE  UNITED   STATES 
INTRODUCTION 

BY  natural  resources  are  meant  those  resources  pro- 
vided by  nature  which  may  be  used  for  the  benefit 
of  man.  The  natural  resources  from  the  point  of  view  of 
conservation  may  be  divided  into  two  classes:  those  so 
abundant  as  to  be  practically  unlimited  in  quantity,  and 
those  less  abundant  which  are  so  limited  in  amount  as  to  be 
unequal  to  the  present  or  future  needs  of  man.  The  first 
class  requires  no  special  consideration.  These  lectures  will 
therefore  be  confined  to  the  second  class,  and  to  the  natural 
resources  of  the  United  States. 

The  natural  resources  limited  in  quantity  should  be  con- 
served. By  their  conservation  is  meant  that  they  should 
remain  as  nearly  undiminished  as  possible  in  order  that  this 
heritage  of  natural  wealth  may  pass  in  full  measure  to  suc- 
ceeding generations. 

The  full  accomplishment  of  conservation  of  our  limited  Full  con- 
natural resources  is  not  possible.     With  reference  to  waters  nervation 
it  may  be.     Ever  the  sun  draws  the  water  from  the  ocean;  practicable, 
the  currents  of  air  carry  it  over  the  land;   it  falls  upon  the 
earth;  and  so  the  streams  flow  down  to  the  sea  perpetually. 
It  may  be  that  our  forests  can  be  so  handled  that  in  the 
future  the  annual  growth  shall  equal  the  annual  consump- 
tion.    In  that  case  forests  may  be  perpetuated.     The  situa- 
tion is  not  so  clear  with  reference  to  soils  and  minerals.     As 
yet  it  seems  extremely  difiicult,  if  not  impossible,  so  to 
handle  the  soils  by  agricultural  processes  as  not  to  deplete 
them  in  their  richness,  in  such  a  manner  as  not  to  result  in 
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loss  by  erosion.  With  reference  to  the  metals,  their  use 
necessarily  dissipates  some  part  of  them;  and  therefore  the 
total  supply  of  the  world's  available  metals  is  being  di- 
minished in  quantity. 

The  mineral  fuels,  when  taken  from  the  ground  and  used, 
are  gone.  Thus  it  is  impracticable,  indeed  impossible,  to 
transmit  to  our  descendants  all  the  fuel  which  nature  has 
granted  us,  except  upon  the  basis  of  nonuse,  and  this  no  one 
would  advocate. 

Therefore  the  problem  of  the  conservation  of  our  natural 
resources  has  different  aspects  with  reference  to  the  different 
groups  of  these  resources. 

HISTORY  OF  THE  CONSERVATION   MOVEMENT 

Until  late  in  the  nineteenth  century  the  resources  of  this 
country  were  commonly  regarded  as  inexhaustible.  Some  of 
them  were  considered  an  obstruction  to  the  country's  develop- 
ment. Over  very  large  areas  of  the  country  the  forests  were 
regarded  as  an  enemy  to  be  destroyed  and  burned.  Indeed 
at  the  present  time  this  is  locally  true.  Our  lands  were  sup- 
posed to  be  illimitable.  Any  man  might  have  a  farm  for 
the  asking.  It  was  held,  and  indeed  is  held  by  many  at  this 
time,  that  our  mineral  resources  will  last  through  the  in- 
definite future,  and  therefore  that  they  may  be  drawn  upon 
advantageously  as  rapidly  as  possible. 

It  is  under  the  prevalence  of  these  ideas  that  our  laws 
and  customs  have  grown  up.  The  laws  and  customs  have 
been  adapted  to  the  ideas  of  the  people.  If  the  ideas  are 
incorrect,  it  may  be  that  our  laws  in  reference  to  the  natural 
resources  are  defective. 
Resources  That  these  ideas  in  reference  to  the  illimitable  supply  of 
Sumitable  ^^^  natural  resources  are  incorrect  has  been  appreciated  by 
the  scientist  for  many  years.  The  foresters,  the  physiog- 
raphers, the  geologists,  have  shown  the  severe  limitations  of 
many  of  them.  These  views  have  been  emphasized  by  the 
situation  in  other  countries.  The  mountains  of  France,  of 
Spain,  of  China,  have  been  denuded  of  their  forests  in  large 
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measure,  so  that  the  supply  of  wood  is  inadequate  to  meet  the 
needs  of  the  people.  In  consequence  of  the  removal  of  the 
forests  from  the  mountains,  the  soil  and  disintegrated  rock 
have  been  carried  away  by  the  running  water  and  the  bare 
rocks  left  protruding  where  once  was  thick  vegetation  resting 
upon  abundant  soil.  The  debris  carried  down  from  the 
mountains  to  the  lowlands  has  destroyed  extensive  areas 
of  once  rich  land. 

It  has  long  been  known  that  in  Spain  and  Italy,  warm 
countries,  because  of  insufficient  fuel,  the  people  suffer  more 
from  the  cold  than  here  in  America.  In  the  absence  of 
forests  and  coal,  fuel  is  so  expensive  as  practically  to  be  un- 
available to  the  average  citizens  of  those  countries;  and 
hence  they  shiver  through  the  winter. 

Many  intelligent  men  have  appreciated  that  in  India  People 
and  China  a  large  proportion  of  the  people  are  insuf-  ^  *°  ^^^ 
ficiently  nourished.  It  is  probably  true  that  more  than 
half  of  the  people  of  the  world  to-night  will  go  to  bed  hungry; 
aFleast  they  will  not  have  received  sufficient  nourishment 
during  the  day  to  be  the  most  efficient  to-morrow.  You, 
who  have  read  history,  know  how,  during  the  years  of  abundant 
rains,  the  people  of  India  and  China  multiply,  and  how  in 
dry  years  famine  and  scourge  come  and  reduce  them  again 
to  the  number  that  can  be  supplied  by  the  fruits  of  the  land. 
In  scripture  we  read  that  the  seven  fat  years  were  eaten  up 
by  the  seven  lean  years;  and  this  has  been  the  history  of 
eastern  countries  for  thousands  of  years. 

The  modern  conservation  movement  is  the  direct  result  Conserva- 
of  the  work  of  scientific  men.    The  great  question  of  conser-  tio^i  move- 

ment  due 

vation  has  been  more  forwarded  by  the  rapid  reduction  of  to  scientific 
our  forests  than  by  any  other  cause.     The  forests  are  the  one  °i®°- 
natural  resource  which  has  been  so  rapidly  destroyed  that 
in  the  early  seventies  it  began  to  be  appreciated  that,  if 
existing  practice  were  continued,  the  end  was  not  in  the  far 
distant  future. 

As  the  result  of  a  memorial  presented  by  the  American 
Association  for  the  Advancement  of  Science  in  1873,  reen- 
forced  by  another  memorial  of  the  association  in  1890,  the 
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movement  was  inaugurated  which  resulted  in  a  forestry 
bureau  in  the  department  of  agriculture,  and  in  laws  which 
led  to  the  first  national  reserve  in  1891.  The  national  forest 
movement  was  further  advanced  later  as  the  result  of  an 
elaborate  consideration  of  the  question  by  the  National 
Academy  of  Sciences  in  1897.  The  principle  of  the  national 
forest  once  established,  these  forests  were  enlarged  from 
time  to  time,  but  the  great  withdrawals  of  the  forests  from 
private  entry  have  been  during  the  past  ten  years. 

Another  line  of  forces  which  resulted  in  the  modem  con- 
servation movement  came  directly  from  the  work  of  Major 
J.  W.  Powell,  and  especially  the  publication  of  his  "  Lands  of 
the  Arid  Region."  Mainly  as  a  result  of  this  volume  and  the 
influence  of  Major  Powell,  in  1888  an  irrigation  division  of  the 
United  States  Geological  Survey  was  established ;  and  author- 
ity was  given  to  the  Secretary  of  the  Interior  to  withdraw 
from  private  entry  reservoir  sites  and  other  areas  which  in 
the  future  would  be  necessary  for  irrigation  purposes. 

For  the  past  quarter  of  a  century  many  of  the  scientific 
men  of  the  country  have  been  raising  a  warning  voice  in 
reference  to  the  other  natural  resources  of  the  country. 
The  limitations  of  our  supplies  of  gas,  oil,  and  coal  have 
been  pointed  out.  Many  have  described  the  denudation  of 
the  land  and  the  widespread  destruction  of  the  soil ;  but  not- 
withstanding the  above  facts,  it  cannot  be  said  that  there 
was  any  national  movement  for  conservation.  Indeed,  it  is 
probable  that  such  a  movement  could  not  have  been  inaugu- 
rated until  the  situation  had  become  grave,  until  the  menace 
to  the  future  had  become  serious. 

Among  the  men  who  have  promoted  the  modem  conser- 
vation movement,  Mr.  Gifford  Pinchot  has  first  place. 
While  his  work  was  primarily  directed  to  the  conservation 
of  the  forest,  his  vision,  with  enlarging  horizon,  saw  the 
connection  of  the  forests  to  the  other  resources  of  the  coun- 
try; and  he  therefore  extended  his  campaign  of  education 
to  include  with  the  conservation  of  the  forest  the  conserva- 
tion of  all  natural  resources  which  are  limited  in  amount. 

It  was  seen  by  Mr.  Pmchot  and  other  scientists,  notably 
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McGee,  that  there  is  a  close  connection  between  the  forests 
and  waters.  There  was  a  strong  public  demand  that  our 
rivers  maintain  a  uniform  flow  for  water  powers  and  for 
navigation.  Therefore  those  primarily  interested  in  forests 
and  those  interested  in  waters  became  associated  in  the  con- 
servation movement.  In  consequence  of  the  public  senti- 
ment in  reference  to  waterways  and  forests,  President 
Roosevelt,  on  March  14,  1907,  appointed  the  Inland  Water- 
ways Commission.  This  commission  included  a  number  of 
representative  congressmen,  an  engineer,  a  statistician,  a 
forester,  an  irrigation  chief,  and  a  geologist.*  This  Inland 
Waterways  Commission  in  its  first  report  to  the  President 
emphasized  the  interlocking  character  of  the  problem  of 
natural  resources,  and  pointed  out  how  the  control  and 
use  of  water  would  conserve  coal  and  iron  and  the  soil,  and 
at  the  same  time  also  make  necessary  the  preservation  of  the 
forests. 

The  White  House  Conference  grew  out  of  the  Inland  The  White 
Waterways  Commission.     On  a  trip  of  that  conmiission  in  coXrence. 
May,  1907,  it  was  suggested  that  there  be  a  conference  at 
Washington  the  ensuing  year  to  consider  the  conservation  of 
the  natural  resources. 

Chairman  Theodore  E.  Burton  and  Commissioner  Gilford 
Pinchot  were  authorized  to  convey  to  the  President  the  ideas 
of  the  commission  in  reference  to  this  matter.  Later  it  was 
suggested  that  since  the  question  of  conservation  concerned 
not  only  the  nation,  but  every  state,  such  conference  should 
include  the  governors.  On  October  3,  1907,  the  Inland 
Waterways  Commission,  through  its  chairman  and  secretary, 
Mr.  Burton,  and  Mr.  W  J  McGee,  sent  to  President  Roose- 
velt a  letter,  requesting  that  he  call  a  conference  which  should 
primarily  be  a  congress  of  governors. 

The  President  approved  the  plan  and  in  November  of  Conference 
that  year  called  a  conference  of  the  governors,  each  governor  p^g^^^^t 
being  invited  to  be  accompanied  by  three  assistants  or  ad-  Roosevelt. 

*  The  Inland  Waterways  Commission  consisted  of  the  following:  Theodore 

E.  Burton,  Chairman;  Francis  G.  Newlands,  Vice  Chairman;  W  J  McGee, 
Secretary;    William  Warner,  John  H.    Bankhead,  Alexander  MacKenzie, 

F.  H.  Newell,  Gifford  Pinchot.  Herbert  Knox  Smith. 
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visers.  But  as  the  time  approached  for  the  meeting,  the 
idea  grew  and  there  were  finally  included  in  the  invitation  of 
the  President,  the  Vice  President,  members  of  the  Cabinet, 
both  branches  of  Congress,  heads  of  the  scientific  bureaus 
of  Washington,  representatives  of  the  great  national  societies, 
both  scientific  and  industrial,  representatives  of  journals, 
and  notable  citizens. 

Thus  there  assembled  May  13,  1908,  at  the  East  Room  of 
the  White  House,  the  President,  Vice  President,  seven  mem- 
bers of  the  Cabinet,  nine  justices  of  the  Supreme  Court,  many 
members  of  Congress,  the  governors  of  thirty-four  states, 
and  representatives  of  the  other  twelve,  the  governors  of 
all  the  territories,  including  Alaska,  Hawaii,  and  Porto  Rico, 
the  President  of  the  Board  of  Commissioners  of  the  District 
of  Columbia,  representatives  of  sixty-eight  national  societies, 
four  special  guests,  forty-eight  general  guests,  and  the 
members  of  the  Inland  Waterways  Commission. 

Never  before  in  the  history  of  the  nation  had  so  represen- 
tative an  audience  gathered  together.  For  the  first  time  in 
the  history  of  the  country  the  governors  were  assembled  to 
consider  a  great  national  question.  Even  during  the  extreme 
stress  of  the  Civil  War  the  governors  had  not  been  asked  to 
consult  with  the  President  and  with  one  another  upon  the 
state  of  the  nation.  Apparently  President  Roosevelt  must 
have  thought  that  the  question  of  conservation  was  one  of 
fundamental  importance  before  he  took  so  far-reaching  a 
step.  Never  before  in  the  history  of  the  nation  had  the 
scientific  men  of  the  country  met  upon  equal  footing  with 
those  engaged  in  politics.  This  in  itself  was  sufficient  to 
mark  the  White  House  Conference  as  a  meeting  of  the  first 
importance  in  reference  to  the  future  of  the  nation. 

The  audience  of  the  13th  of  May  was  indeed  an  impres- 
sive one.  Upon  the  right  of  the  President  sat  the  Vice 
President  and  the  members  of  his  Cabinet.  Upon  his  left 
were  the  justices  of  the  Supreme  Court.  Before  him  were 
assembled  the  governors,  the  members  of  Congress,  many  of 
the  leading  scientific  men  of  the  coimtry,  and  numerous 
other  delegates. 
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The  conference  was  opened  by   a   notable    address   by  Address  of 
President  Roosevelt.     And  he,   I  think,   above  any  other  Ro'o^sevdt 
public  man  of  the  country  has  shown  a  wonderful  capacity  to 
quickly  and  broadly  comprehend  the  sahent  points  of  a 
great  new  movement. 

Hence  he  was  able,  although  not  a  man  of  science,  to 
present  most  effectively  and  in  wonderful  proportion  the 
views  which  the  scientific  men  had  been  developing  through 
the  past  twenty-five  years  with  reference  to  conservation. 

Following   President    Roosevelt's    address   there   were    a  Resolutions 

series  of  addresses  by  scientific  men,  by  governors,  by  eminent  °^  ^^Z' 
•^  ;     ./  o  7     ^  ernors. 

citizens.  The  scope  of  these  papers  extended  to  the  minerals, 
the  forests,  the  soils,  and  the  waters  of  the  country.^  The 
facts  presented  in  reference  to  our  important  resources  were 
so  startling  that  the  governors  drew  up  strong  series  of  reso- 
lutions ^  covering  the  entire  subject  of  conservation,  point- 
ing out  the  extravagance  and  reckless  waste  of  the  past, 
and  making  it  clear  that  upon  the  conservation  of  our  natural 
resources  depends  the  foundation  of  our  prosperity.  The 
governors  unanimously  requested  the  President  from  time 
to  time  as  occasion  demanded  to  again  call  them  together 
to  consider  with  him  and  with  Congress  the  great  question 
of  conservation.  Also  they  recommended  the  states  to 
establish  conservation  commissions  to  cooperate  with  one 
another  and  with  a  similar  national  commission.  Several 
of  the  governors  announced  that  their  very  first  acts  upon 
reaching  their  respective  states  would  be  to  appoint  such 
commissions. 

Shortly  after  the  White  House  Conference  the  President  Appoint- 
appointed  the  National  Conservation  Commission,  consisting  Natk)nll 
of  forty-nine  well-known  men,  about  one-third  of  whom  are  Conserva- 
engaged  in  politics,  one-third  in  the  industries,  and  one-third  ^^^^gj^^™' 
in  scientific  work.     This  commission  was  divided  into  four 
sections,  assigned  respectively  to  the  minerals,  the  waters, 

^  Proceedings  of  a  Conference  of  Governors  in  the  White  House,  Wash- 
ington, D.  C,  May  13-15,  1908.  Washington,  Government  Printing  Office, 
1909. 

^  This  declaration  of  principles  is  so  comprehensive  and  so  important  that 
it  is  republished  as  Appendix  I  of  this  volume.     See  pp.  381-384. 
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the  forests,  and  the  soils.  Gifford  Pinchot,  generally  recog- 
nized as  the  most  potent  force  underlying  the  conservation 
movement,  was  appropriately  named  chairman  of  the  Con- 
servation Commission.^  Since  the  White  House  Conference 
to  December,  1909,  forty-one  state  conservation  commis- 
sions and  fifty-one  conservation  commissions,  representing 
national  organizations,  have  been  created. 

At  the  first  meeting  of  the  executive  committee  of  the 
National  Conservation  Commission,  held  in  Chicago,  June  19, 
1908,  it  was  agreed  that  the  initial  step  was  to  have  made  an 
inventory  of  our  natural  resources.  It  was  there  pointed  out 
that  to  the  present  time,  we,  as  a  nation,  are  in  the  position 
of  a  man,  who,  bequeathed  a  fortune,  has  gone  on  spending 
it  recklessly,  never  taking  the  trouble  to  ask  the  amount  of 
his  inheritance,  or  how  long  it  is  likely  to  last. 

This  executive  committee  therefore  determined  so  far  as 
practicable  to  have  made  an  estimate  of  the  existing  avail- 
able resources,  what  proportion  of  these  resources  have  al- 
ready been  utilized  or  exhausted,  the  rate  of  increase  in  their 
consumption,  and  if  this  rate  continues  how  long  these  re- 
sources will  last.  The  commission  had  no  funds  at  its  dis- 
posal, and  therefore  was  obliged  to  depend  upon  existing 
organizations  for  this  work.  Fortunately  the  President  gave 
an  order  directing  that  the  heads  of  the  scientific  bureaus  at 
Washington  utihze  their  forces  in  making  investigations 
requested  by  the  commission,  so  far  as  such  investigations 
lay  in  their  respective  fields.  As  a  result  of  requests  by  the 
National  Conservation  Commission,  the  heads  of  several 
bureaus  placed  a  considerable  number  of  experts  upon  con- 
servation work  during  the  summer  and  autumn  of  1908. 

The  full  national  conmiission  assembled  December  1  of 
that  year  to  hear  the  reports  of  the  experts  and  the  secre- 
taries of  the  four  sections.  Based  upon  these  reports  the 
conmiission  drew  up  a  report  which  they  presented  to  the 
governors  again  assembled  December  8, 1908,  and  by  the  gov- 
ernors this  report  was,  with  their  indorsement,  transmitted 

^  The  full  personnel  and  organization  of  the  National  Conservation  Com- 
mission are  found  in  the  Report  of  the  National  Conservation  Comnussion, 
Vol.  I,  pp.  115-117. 
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to  the  President,  January,  11,  1909.  The  report  of  this 
commission,  the  statements  of  the  secretaries,  and  the  re- 
ports of  the  experts  have  since  been  pubUshed  in  three 
volumes/  These  volumes  give  the  first  available  inventory 
of  the  natural  resources  of  the  nation.  This  inventory  is 
of  course  but  an  approximation  to  the  truth,  but  it  is  an 
immense  advance  over  guesses  as  to  the  natural  wealth 
of  the  nation.  It  does  furnish  a  basis  for  quantitative 
and  therefore  scientific  discussion  of  the  future  of  our  re- 
sources. In  advance  of  the  appearance  of  the  report  it 
would  not  have  been  possible  to  give  this  set  of  lectures. 
Indeed,  they  are  based  upon  the  material  contained  in  these 
volumes  to  a  greater  extent  than  upon  all  other  sources  of 
information. 

The  next  step  of  President  Roosevelt,  after  appointing  North 
the  national  commission,  was  to  invite  the  governors  of  A^^gg^a, 
Canada  and  Newfoundland,  and  the  President  of  Mexico,  tion 
to  appoint  commissioners  to  consider  with  the  commissioners  Conference, 
of  the  United  States  the  question  of  conservation.     In  con- 
sequence of  these  invitations  the  first  North  American  Con- 
servation Conference  was  held  in  Washington,  February  18, 
1909.    As  at  the  White  House  Conference,  a  broad  statement 
was  adopted  embodying  the  principles  of  conservation  ap- 
plicable to  the  North  American  continent,  which  the  com- 
missioners were  expected  to  urge  upon  their  respective  coun- 
tries.^ 

To  crown  the  brilliant  series  of  administrative  acts  to 
bring  the  question  of  conservation  to  the  foreground  of 
human  consciousness,  President  Roosevelt  on  February  16, 
1909,  requested  the  powers  of  the  world  to  meet  at  The  Hague 
for  the  purpose  of  considering  the  conservation  of  the  natural 
resources  of  the  entire  globe. 

During  President  Roosevelt^s  administration,  the  Secretary  With- 
of  the  Interior,  James  R.  Garfield,  withdrew  from  private  f^^^f^  °' 
entry  a  large  area  of  the  public  domain,  either  permanently 

^  Report  of  the  National  Conservation  Commission,  Senate  Document 
No.  676,  60th  Congress,  2d  Session,  Washington,  Government  Printing 
Office,  1909. 

2  See  Appendix  H. 
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or  for  a  time,  until  the  lands  withdrawn  could  be  studied 
with  reference  to  their  wisest  utilization.  The  larger  portion 
of  the  great  forests  which  still  remained  the  property  of 
the  nation  when  Roosevelt  became  President  —  more  than 
148,000,000  acres  —  was  made  a  part  of  the  national  forests 
during  his  administration.  Also  the  coal  lands  of  the  West, 
both  in  the  United  States  and  Alaska,  were  withdrawn 
from  private  entry  until  they  could  be  studied  by  the 
geological  survey  and  a  report  made  upon  them  as  to 
their  value  and  as  to  methods  of  disposal.  More  than 
80,000,000  acres  altogether  were  withdrawn  by  him  for 
this  purpose.  About  1,500,000  acres  in  several  states  along 
29  streams  were  withdrawn  with  reference  to  withholding 
from  private  entry  the  water  power  sites.  Finally,  4,700,000 
acres  of  phosphate  lands  in  Idaho,  Wyoming,  and  Montana 
were  withdrawn  from  private  entry  until  they  could  be 
studied  by  the  geological  survey  and  appropriate  laws  made 
in  reference  to  their  exploitation. 

Thus,  during  President  Roosevelt's  administration,  more 
than  234,000,000  acres  of  land  were  withdrawn  from  private 
entry,  the  greater  portion  of  which  is  to  be  permanently 
retained  as  the  property  of  the  nation. 

President  Roosevelt  also  reconmiended  that  the  fee  of  all 
of  the  coal,  oil,  and  gas  lands  still  remaining  in  the  posses- 
sion of  the  government  be  retained  permanently,  and  that 
the  same  be  leased  under  proper  regulations. 

Concerning  President  Roosevelt,  there  has  been  much 
difference  of  opinion  in  political  matters.  He  has  been 
severely  criticized  by  many,  warmly  commended  by  others, 
but  his  aggressive  action  for  the  conservation  of  our  re- 
sources has  been  conmiended  by  all  parties  alike.  In  the 
future  I  believe  that  what  he  did  to  forward  this  movement 
and  to  bring  it  into  the  foreground  of  the  consciousness  of 
the  people  will  place  him  not  only  as  one  of  the  greatest 
statesmen  of  this  nation  but  one  of  the  greatest  statesmen 
of  any  nation  of  any  time. 

In  marked  contrast  to  the  position  of  President  Roosevelt 
in  reference  to  conservation  was  the  attitude  of  the  Six- 


INTRODUCTION  11 

tieth  Congress.  President  Roosevelt  asked  an  appropriation 
for  the  National  Conservation  Commission;  and  Senator 
Knute  Nelson,  of  Minnesota,  introduced  an  amendment  to  the 
sundry  civil  bill  asking  for  an  appropriation  of  $25,000  for 
the  necessary  rent,  assistance,  and  traveling  expenses  of  the 
commission.  This  amendment  went  to  the  Senate  committee 
on  appropriations,  of  which  Senator  Eugene  Hale  was  and  is 
chairman,  but  the  amendment  was  lost,  having  failed  of 
favorable  action  in  the  committee.  Thus  an  appropriation 
for  the  Conservation  Commission  asked  by  President  Roose- 
velt failed  in  the  Senate,  and  the  commission  was  left  with- 
out any  funds.  This  was  unfortunate  enough,  but  it  would 
not  have  been  fatal  had  the  commission  still  retained  the 
authority  to  ask  the  heads  of  the  scientific  bureaus  to  have 
their  forces  do  work  desired  by  the  commission,  which  was 
appropriate  and  proper  for  their  respective  bureaus  to  under- 
take; but  in  the  House  of  Representatives  there  was  attached 
a  clause  to  the  sundry  civil  bill,  which  after  the  passage  of 
that  act  prevented  all  bureaus  from  doing  any  work  for  any 
commission,  council,  board,  or  similar  body,  appointed  by 
the  President,  without  reference  to  whether  or  not  such 
work  was  appropriate  for  such  bureaus  to  undertake.  Thus, 
so  far  as  lay  in  its  power.  Congress  made  without  avail  the 
appointment  by  the  President  of  the  National  Conservation 
Commission. 

This  clause  of  the  sundry  civil  bill  was  introduced  by 
James  A.  Tawney,  of  Minnesota,  and  its  adoption  was  advo- 
cated by  him.  This  congressman  should  be  held  respon- 
sible to  the  people  of  the  nation  for  so  far  as  lay  in  his  power 
rendering  without  avail  the  appointment  of  the  National 
Conservation  Commission. 

As  has  already  been  pointed  out,  the  first  report  of  the  Report 
National  Conservation  Commission  contains  the  only  au-  poi^tai^s 

.  inventory 

thentic  statement  as  to  the  amounts  of  our  natural  resources,  of  resources, 
the  amounts  which  have  been  exhausted,  and  their  probable 
future  life.    The  report  was  published  as  a  Senate  document 
in  a  small  edition.    The  popular  edition  of  this   volume, 
recommended  by  the  commission,  was  refused  approval  by  the 
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then  committee  on  printing  of  the  house,  consisting  of  Charles 
P.  Landis,  of  Indiana,  James  Breck  Perkins,  of  New  York, 
and  D.  E.  Finley,  of  South  Carolina.  For  thus  preventing 
the  people  from  gaining  the  advantage  of  the  results  of  the 
great  work  of  the  Conservation  Commission  they  should  be 
held  primarily  responsible. 

As  yet  the  attitude  of  the  Sixty-first  Congress  is  unde- 
termined. To  the  present  time  (June  1,  1910)  none  of  the 
Conservation  measures  recommended  by  President  Taft 
have  been  passed. 

After  the  adoption  of  the  Tawney  clause  and  before  the 
organization  of  the  Association  next  to  be  mentioned,  the 
organization  of  the  Conservation  movement  was  carried 
forward  by  the  Joint  Conmiittee  on  Conservation,  an 
unofficial  body  established  at  the  second  conference  of  the 
governors. 

In  the  autumn  of  1909  there  was  organized  the  National 
Conservation  Association.*  This  association  is  to  be  the 
center  of  a  great  propaganda  for  conservation.  It  is  hoped 
that  all  organizations  interested  in  special  phases  of  the 
Conservation  movement  will  become  affiliated  with  it.  The 
association  is  to  have  a  board  of  managers,  consisting  of  one 
representative  of  each  state  and  territory;  and  each  state 
is  to  have  a  committee.  It  is  the  duty  of  any  state  com- 
mittee and  its  member  of  the  board  to  develop  the  Conser- 

^  The  National  Conservation  Association,  organized  in  1909,  has  the  follow- 
ing officers: — 

Honorary  President,  Charles  W.  Eliot,  Cambridge,  Maas. 
President,  Gifford  Pinchot,  Washington,  D.  C. 
Vice  President,  Walter  L.  Fisher,  Chicago,  IlL 
Treasurer,  Overton  Price,  Washington,  D.  C. 
Secretary,  Thomas  R.  Shipp. 


ExBCUnVB   COMMITTISB 

Gifford  Pinchot,  Chairman. 
James  R.  Garfield,  Cleveland,  Ohio. 
John  F.  Bass,  Chicago,  111. 
Henry  L.  Stimson,  New  York. 
Walter  L.  Fisher,  Chicago,  III. 
Bernard  N.  Baker,  Baltimore,  Md. 
Charles  L.  Pack,  Lakewood,  N.  J. 
John  N.  Teal,  Portland,  Oregon. 
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vation  movement  in  the  state  which  they  represent,  and  to 
be  the  channel  of  communication  between  the  local  and 
national  organizations. 

The  foregoing  sketch  of  the  rise  of  the  Conservation  move- 
ment shows  that  it  grew  out  of  the  work  of  scientific  men. 
Until  recently  the  movement  was  not  organized,  and  it  was 
partial,  that  is,  mainly  confined  to  the  forests  and  arid 
land;  it  only  became  national  when  President  Roosevelt 
called  the  White  House  Conference  in  1908. 

With  the  foundation  of  the  National  Conservation  Associa-  Conserva- 
tion, the  great  movement  for  the  conservation  of  the  natural  launchSi 
resources  of  the  United  States  may  be  said  to  have  been 
fairly  launched.     Already  a  large  number  of  the  more  intel- 
ligent people  of  the  country  are  beginning  to  grasp  its  im- 
portance, beginning  to  understand  that  upon  conservation 
rests  the  possibility  of  a  numerous  and  well-nourished  popu- 
lation in  this  country.    But  as  yet  the  great  majority  of  the 
people  have  almost  no  knowledge  of  the  movement.     It  is 
comparatively  easy  to  get  a  subject  into  the  consciousness 
of  the  cultivated  group.     It  is  enormously  difficult  to  accom- 
plish this  work  with  the  millions.     And  the  conservation  of 
our  resources  can  only  be  accomplished  by  the  cooperation 
of  the  nation,  the  states,  and  the  individuals.     Therefore  CoSperation 
there  is  before  us  a  profound  and  wide  campaign  of  educa-  Jor'J^on- 
tion  which  must  begin  at  the  universities,  in  national  and  servation. 
state  organizations,  and  must  extend  from  them  through  the 
secondary  and  primary  schools  to  the  whole  people.    There 
is  no  other  question  before  the  nation  of  such  fundamental 
importance  to  the  distant  future  of  the  country.    Since  it 
seems  to  me  that  the  universities  should  take  part  in  the 
leadership  in  this  movement  for  the  advancement  of  the 
nation  as  they  have  in  others,  this  course  of  lectures  is  given 
at  Wisconsin. 

Bringing  an  appreciation  of  the  importance  of  conserva- 
tion to  the  foreground  of  human  consciousness  is  a  work 
which  cannot  be  done  by  one  man  or  one  organization  in  one 
year,  or  by  many  men  and  many  organizations  in  many 
years.    It  is  a  campaign  of  education  which  will  extend 
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through  generations.  But  losses  have  already  been  so  great 
that  the  movement  should  be  carried  forward  as  rapidly  as 
possible,  especially  in  preventing  further  wanton  waste. 
This  must  be  done  if  our  descendants  are  to  have  transmitted 
to  them  their  heritage  not  too  greatly  depleted. 

The  natural  resources  may  be  divided  into  four  divisions, 
Minerals,  Waters,  Forests,  and  Soils.  Each  of  these  will  be 
considered  in  order. 


PART  I 

THE  MINERAL  RESOURCES 

THE  mineral  resources  of  the  United  States  are,  fortu- 
nately for  us,  far  greater  than  those  of  any  other  nation. 
Also  the  value  of  the  minerals  produced  far  exceeds  that  of 
any  other  country.  At  the  present  time  the  estimated  annual 
value  of  the  mineral  products  of  the  United  States  is  in  the 
neighborhood  of  $2,000,000,000.  This  amount  is  second  only 
to  that  of  agriculture. 

The  mineral  resources  took  the  building  of  the  world  for  Building  of 
their  manufacture.  Somehow  in  some  way  out  of  the  uni-  ^q^i^ed  for 
verse  stuff  the  solar  system  formed.  At  a  certain  stage  of  making  of 
its  development  the  earth  had  reached,  if  not  its  present  size,  ^sources 
at  least  an  approximation  to  it.  During  the  various  stages 
of  its  development  vast  masses  of  volcanic  rocks  came  up 
from  the  depths  of  the  earth  and  spread  over  its  surface. 
Other  masses,  varying  from  those  of  enormous  size  to  those 
called  dikes  or  stringers,  intruded  themselves  into  the  crust 
of  the  earth,  pushing  aside  the  solid  rocks,  spread  themselves 
between  the  layers,  and  occupied  and  widened  the  cracks. 
Thus  the  igneous  rocks  became  an  important  part  of  the  crust 
of  the  earth.  From  the  volcanic  masses  waters  and  vapors 
issued,  bearing  metals  in  solution.  These  were  deposited, 
and  thus  were  produced  with  the  assistance  of  other  agents 
stores  of  metals.  The  atmospheric  water  falling  upon  the 
surface  of  the  earth  percolated  into  the  crust  and  assisted 
in  this  gathering  of  the  rare  materials.  Somehow  in  some 
way  life  formed  upon  the  globe,  and  organic  material  took  its 
share  in  the  segregation  of  the  mineral  resources  in  various 
ways,  by  processes  too  complex  for  me  to  enter  into  in  this 
set  of  lectures. 

15 
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As  a  result  of  the  work  of  all  these  and  other  agents  the 
elements  of  value  to  man  originally  very  widely  dispersed 
and  in  exceedingly  small  quantity  in  the  original  rocks  have 
been  segregated  into  these  mineral  deposits  of  such  supreme 
importance  to  us.  The  process  of  their  formations  took  many 
millions  of  years.  Probably  some  of  the  deposits  which  are 
at  present  being  mined  are  the  results  of  the  work  of  agents 
of  the  kind  described  a  hundred  million  years  ago. 
Mineral  Man  took  no  part  in  the  production  of  the  mineral  de- 

dlS^ateV^  posits;  he  has  added  to  them  in  no  way.  If  the  earth  is 
gone  '  the  heritage  of  humanity,  the  mineral  deposits  are  a  part  of 
forever.  ^y^^^  heritage.  Under  our  present  laws  we  have  largely 
intrusted  that  heritage  to  the  care  of  individuals  and  cor- 
porations. They  should  so  administer  this  trust  that  the 
supply  of  mineral  wealth  may  remain  as  nearly  intact  as 
possible  consistent  with  severely  economical  use,  so  that 
succeeding  generations  through  unending  years  to  come 
may  have  their  share  in  these  benefactions  of  nature.  The 
mineral  resources  once  dissipated  are  gone  forever. 

For  the  purposes  of  these  lectures  I  shall  classify  the  min- 
eral resources  into  three  divisions,  fuel,  metallic,  and  non- 
metallic. 


THE  MINERAL  FUELS 

Until  the  middle  of  the  nineteenth  century  the  chief  source 
of  fuel,  not  only  in  this  country,  but  in  all  countries,  with  the 
possible  exception  of  England  and  some  of  the  other  European 
countries,  were  the  forests;  and  even  in  these  countries  the 
use  of  mineral  as  a  fuel  goes  back  only  a  comparatively  short 
time.  Therefore  the  great  draft  upon  our  mineral  fuels 
has  been  a  comparatively  recent  development. 

The  mineral  fuels  may  be  divided  into  four  classes:  coal, 
peat,  petroleum,  and  natural  gas.  This  morning  I  shall 
speak  of  coal. 
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COAL^ 

In  a  general  way  I  have  spoken  of  the  processes  which  have 
manufactured  all  of  our  mineral  resources.  I  may  perhaps 
amplify  briefly  with  reference  to  coal. 

In  middle  geological  time,  especially  in  the  carboniferous  The  making 
period,  the  conditions  were  such  that  there  was  a  very  abun-  °^  °°*^* 
dant  vegetation.  Especially  was  this  true  in  extensive  marshes 
and  swamps.  The  trees  grew  to  maturity;  in  the  course 
of  years  they  fell  and  were  largely  covered  by  water;  upon 
their  fallen  bodies  other  trees  grew  up.  Tree  fiber,  as  you 
know,  is  mainly  built  of  the  constituents  derived  from  the 
water  and  air,  not  mainly  from  the  constituents  of  the  soil. 
In  carboniferous  time  these  great  luxuriant  forests  continued 
to  grow  in  the  same  areas  for  many  thousands  of  years. 
Where  the  conditions  were  favorable,  perhaps  by  subsidence, 
the  accumulated  organic  material  was  covered  by  the  water, 
and  therefore  was  protected  from  decay.  Later  a  geological 
change  came,  and  these  deposits  of  woody  fiber  were  buried 
deeply  under  debris.  These  buried  forests  are  the  source 
of  carboniferous  coal.  One  or  two  other  great  epochs  later 
came  in  which  the  conditions  were  similar  to  those  of  carbon- 
iferous time,  and  very  large  deposits  of  organic  material  were 
piled  up.  These  later  periods  are  the  cretaceous  and  tertiary. 
•  After  these  organic  deposits  were  built  up  and  buried 
below  the  earth,  as  wood  may  be  placed  in  a  kiln  and  trans- 
formed to  charcoal,  so  by  the  processes  of  nature,  similar  but 
not  identical,  the  buried  woody  fiber  of  ancient  times  was 
transformed  into  coal.  The  change  is  most  advanced  in 
anthracite,  less  in  bituminous  coal,  and  least  in  lignite. 

The  change  of  wood  to  coal  was  accomplished  by  nature 
when  the  material  was  deeply  buried  and  consequently  under 
heavy  pressure.  Hence  the  material  is  compact  instead  of  be- 
ing porous.  Thus  we  have  anthracite  or  stone  coal  and  char- 
coal, substantially  the  same  chemically,  one  produced  through 

^  The  facts  concerning  coal  are  mainly  from  "  Coal  Fields  of  the  United 
States,"  Marius  R.  Campbell  and  Edward  W.  Parker,  and  "Public  Coal  Lands 
Containing  Deposits  of  Coal,"  T.  J.  Butler,  N.  C.  C,  Vol.  Ill,  pp.  426-443  and 
pp.  416-420.  "  Estimates  of  Future  Coal  Production, "  Henry  Gannett,  pp. 
443-445. 
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the  slow  working  of  geological  processes  deep  within  the  earth, 
the  other  transformed  rapidly  by  man  in  a  charcoal  kiln. 

It  is  thus  plain  that  the  manufacture  of  the  coal  deposits  of 
the  earth  is  the  result  of  millions  of  years  of  labor  of  sun 
and  earth;  for  the  sun  is  the  source  of  energj',  as  you  have 
learned  who  have  studied  biology,  which,  stored  in  wood, 
enables  us  to  use  that  material  as  a  source  of  heat. 

I  dwell  upon  the  process  of  manufacture  of  coal  because 
only  by  the  appreciation  of  its  salient  features  can  you  fully 
understand  our  responsibility  in  this  matter,  —  can  you 
fully  understand  what  is  involved  in  the  mining  and  combus- 
tion of  coal.  When  a  ton  of  coal  is  mined  and  burned  it  is 
gone  forever.  The  supply  which  we  have  is  definite.  It  is 
true  that  for  some  small  areas  the  processes  of  nature  may 
be  manufacturing  coal  at  the  present  time,  but  that  process 
is  so  slow  as  to  be  negligible;  and,  therefore,  so  far  as  we 
human  beings  are  concerned,  we  must  regard  the  supply  of 
coal  as  absolutely  limited,  a  supply  of  invaluable  importance 
to  us,  which  we  may  use  once  but  once  only. 

Nor  is  there  any  way  by  which  in  the  future  we  may  hope  to 
add  to  the  coal  supply.  Upon  this  point  there  are  frequently 
great  misconceptions.  The  progress  of  science  has  been  so 
rapid  during  the  latter  half  of  the  nineteenth  century  and  the 
early  part  of  this  twentieth  century,  that  many  people  have 
said  that  some  way  will  be  found  to  replace  exhausted  prod- 
ucts; but  we  should  discriminate  between  the  wonderful 
discoveries  which  are  in  the  realm  of  reason  and  those  which 
are  wholly  impracticable,  wholly  visionary. 

It  is  true  that  we  may  find  some  way  to  substitute  other 
things  for  coal;  indeed,  in  this  course  of  lectures  that  part 
of  the  field  will  be  covered,  but  coal  itself  when  used  is  gone 
and  cannot  be  manufactured  by  man.  The  nearest  approach 
to  this  is  to  grow  wood  and  transform  that  wood  into  char- 
coal; and  even  now  the  relatively  small  amount  of  charcoal 
made  is  a  very  heavy  drain  upon  our  forests. 

Coal  is  by  far  the  most  important  of  all  of  the  mineral 
products.  Next  to  coal  in  importance  is  iron.  These  two 
are  of  much  greater  consequence  than  all  of  the  other  mineral 
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products  put  together.  The  existence  of  extensive  coal  and 
iron  fields  has  profoundly  influenced  modern  civilization. 
The  greatest  commercial  nations  are  Germany,  England, 
and  America,  and  each  has  extensive  coal  and  iron  deposits. 
Little  Belgium,  because  of  its  important  coal  and  iron  de- 
posits, is  a  hive  of  industry,  occupying  a  position  as  a  manu- 
facturing nation  far  beyond  what  one  would  expect  from  its 
limited  area  and  population. 

It  has  been  said  that  the  nations  that  have  the  coal  and 
iron  will  rule  the  world. 

Fortunately  for  us  in  the  United  States  the  coal  deposits 
both  as  to  quaUty  and  quantity  exceed  those  of  any  other 
nation  of  the  world;  indeed  they  probably  exceed  those  of 
all  other  nations  combined ;  ^  Brooks  places  them  at  60  to  70 
per  cent  of  the  known  coal  deposits  of  the  world.  Probably 
second  to  the  United  States  is  China,  but  as  yet  this  country 
has  not  largely  begun  to  develop  its  supply  of  this  material. 

CLASSIFICATION   AND   OCCURRENCE   OF   COAL 

The  coal  supplies  of  the  United  States  may  be  divided 
into  three  classes;  anthracite,  bituminous,  and  lignite,  includ- 
ing sub-bituminous. 

You  all  know  what  anthracite  or  stone  coal  is.  It  is  the 
coal  which  is  essentially  composed  of  carbon,  with  some 
impurities,  mainly  ash.  Bituminous  is  the  ordinary  black 
coal,  such  as  is  used  for  manufacturing  purposes.  It  con^ 
tains  a  large  amount  of  so-called  hydrocarbons;  or,  in  addi- 
tion to  carbon,  it  contains  carbon  and  hydrogen  united, 
both  of  which  are  combustible,  with  also  some  free  water. 
Lignite  is  sjnionymous  with  brown  coal.  In  this  coal  the 
process  of  transformation  from  wood  has  not  gone  so  far 
as  with  the  others.  Frequently  it  shows  the  structure  of 
the  woody  fiber.  It  usually  contains  a  large  percentage  of 
water,  is  comparatively  light  and  porous,  and  therefore 
is  the  least  valuable  of  the  three  kinds  of  coal. 

In  efiiciency  for  the  production  of  heat,  these  three  classes 

^  Hearing  before  the  Congressional  Committee  to  Investigate  the  Interior 
Department  and  the  Forest  Service,  pp.  2847,  2877. 
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of  coal  are  in  the  order  from  anthracite  through  bituminous 
to  hgnite.  As  yet  in  this  country  lignite  has  been  com- 
paratively little  used.  Especially  is  this  true  of  the  eastern 
half  of  the  United  States. 

The  anthracite  deposits*  of  the  United  States  are  by  far 
the  most  important  of  any  in  the  world.  Indeed,  no  Euro- 
pean country  has  anthracite  comparable  in  quality  or  quan- 
tity to  that  of  the  United  States.  Some  of  the  Welsh  coals 
are  called  anthracite,  but  they  would  be  called  in  this  coun- 
try semianthracite.  In  China  also  are  some  anthracite 
deposits;  and  jx)ssibly  in  some  other  countries  relatively 
small  quantities  of  this  material  are  found. 

While  the  anthracite  coal  deposits  of  the  United  States 
are  the  largest  in  the  world,  the  chief  deposits  are  confined 
to  about  four  hundred  and  eighty  square  miles  in  the  state 
of  Pennsylvania.  But  in  this  small  area  in  three  different 
fields,  separated  from  one  another  by  short  distances,  there 
are  a  wonderful  number  of  thick  and  important  seams,  so 
that  the  output  has  been  very  great  indeed.  It  is  estimated 
that  originally  in  this  state  were  19,500,000,000  tons  of 
anthracite.  Of  this  about  1,900,000,000  tons  had  been 
taken  out  by  the  end  of  1909. 

According  to  the  Anthracite  Coal  Commission,  to  1883, 
for  every  ton  that  was  mined  l}/2  tons  were  lost.  If  it  be 
supposed  that  since  that  time  only  one  ton  has  been  lost 
to  one  ton  mined,  the  total  loss  of  coal  in  mining  to  the  end 
of  1909  is  2,340,000,000  tons.  At  the  end  of  the  year  1909, 
it  is  estimated  that  there  remained  in  the  ground  about 
15,354,000,000  tons.  Pennsylvania  anthracite  is  used  as  a 
fuel  all  over  the  eastern  part  of  the  United  States,  from 
Maine  to  the  Mississippi  River;  and  even  farther  west,  during 
the  winter,  it  is  the  chief  dependence  of  many  miUions  of 
people  for  warmth. 

There  are  a  few  subordinate  areas  of  anthracite  in  Colorado 
which  are  of  consequence  to  that  state  and  to  the  West,  but  as 
compared  with  the  Pennsylvania  deposits  they  are  very  small. 


*  The  statements  as  to  areas  and  quantities  of  coal  are  taken  from  Camp- 
beU  and  Parker,  N.  C.  C,  Vol.  Ill,  pp.  426  et  aeq. 
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Extent  of  The  bituminous  coal  fields  of  the  United  States  comprise 

?!iT'''°"^  about  250,000  square  miles,  mainly  located  in  two  great 
provinces.  Of  these  the  Appalachian  is  the  most  important, 
extending  from  Alabama  to  Pennsylvania.  The  second  is 
the  interior  province,  comprising  the  coal  regions  of  Michigan, 
Illinois,  Indiana,  Kentucky,  Iowa,  Kansas,  Missouri,  Okla- 
homa, Arkansas,  and  Texas.  Also  some  bituminous  coals 
are  found  in  the  Rocky  Mountain  and  Pacific  coast  provinces. 
The  lignites  and  sub-bituminous  coals  occupy  nearly 
250,000  square  miles.  They  are  mainly  in  three  provinces: 
the  gulf,  including  parts  of  the  states  of  Alabama,  Mississippi, 
Louisiana,  Arkansas,  Texas;  the  northern  great  plains,  in- 
cluding parts  of  North  Dakota  and  South  Dakota,  eastern 
Montana,  and  eastern  Wyoming;  and  the  Rocky  Mountain 
province,  including  parts  of  Montana,  Wyoming,  ColoradOi 
Utah,  and  New  Mexico. 


THE   AMOUNT   OF   AVAILABLE   COAL 

Campbell  and  Parker  estimate  the  aggregate  coal  area  of 
the  United  States  to  be  approximately  500,000  square  miles, 
or  about  13  per  cent  of  the  area  of  the  country.  They 
estimate  at  the  end  of  1907  that  in  this  region  there  were 
available  3,076,204,000,000  tons  of  coal,  of  which  one  third 
will  be  accessible  only  with  difficulty.  They  estimate  under 
present  conditions  the  available  and  accessible  coal  at 
1,922,979,000,000  tons  or  somewhat  less  than  two  thirds  of 
the  total.  These  estimates  are  on  the  basis  of  limit  in  depth 
of  3000  feet  for  bituminous  coal  and  1000  feet  for  lignite; 
20  inches  were  considered  the  minimum  thickness  of  work- 
able bituminous  coal,  and  3  feet  for  lignite.  Some  of  the 
coal  basins  of  the  west  extend  to  a  greater  depth  than 
3000  feet;  and,  where  the  seams  are  thick  and  good,  these 
will  doubtless  be  worked  in  the  future.  The  same  is  true 
of  seams  less  than  20  inches  in  thickness,  especially  those 
at  moderate  depth.  Therefore  the  above  estimates  are 
conservative. 

Not   only   is   the   coal   of   the   United   States   great  in 
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amount,  but  from  what  has  been  said  concerning  its  geo-  Coal  well 
graphic  occurrence,  it  is  plain  that  it  is  well  distributed, 
so  that  there  are  few  parts  of  the  United  States  which  are 
not  within  500  miles  of  a  coal  deposit.  This  matter  is  one 
of  much  consequence  because  the  cost  of  coal  depends  so 
largely  upon  transportation.  That  the  coals  of  the  United 
States  are  not  only  extensive,  but  well  distributed,  is  very 
important  to  the  industrial  and  commercial  development  of 
the  country. 


THE  CONSUMPTION  AND  FUTURE  LIFE  OF  COAL 

A  few  moments  ago  it  was  said  that  the  use  of  mineral  Increase 
fiiels  was  a  comparatively  new  thing  in  this  country;    that  ^^  amount 
before  the  middle  of  the  nineteenth  century  the  amount  used, 
extracted  was  small.     The  total  amount  extracted  up  to 
and  including  1845  was  27,700,000  tons.     In  1846  there  were 
mined  5,000,000  tons;   in  1850  this  had  risen  to  7,000,000; 
in  1875  to  52,000,000;   in  1900,  twenty-five  years  later,  to 
270,000,000  tons;  and  in  1907  to  more  than  480,000,000  tons. 

This  was  the  maximum  to  the  present  time,  for  in  1908 
the  total  production  fell  to  415,842,698  tons;  and  for  1909 
the  production  is  estimated  by  Parker  to  be  between 
440,000,000  and  450,000,000  short  tons. 

Not  only  has  the  increase  in  the  use  of  coal  been  enor- 
mous, but  the  increase  per  capita  has  been  surprising.  Ac- 
cording to  a  recent  bulletin  published  by  the  geological 
survey,  the  amount  of  coal  used  per  capita  in  1850  was  .278 
ton;  in  1870  it  had  reached  .96  ton;  and  in  1900,  3.33  tons 
per  capita.  In  1907  it  is  estimated  that  the  amount  per 
capita  was  5.6  tons.  Thus  the  increase  in  the  use  of  coal 
per  capita  from  1850  to  1907  was  twentyfold. 

The  average  increase  in  production  in  coal  from  1846  to  Coal  mined 
1907  was  at  the  rate  of  7.36  per  cent  per   annum;   and  ^^^^^^^^ 
this  is  practically  equivalent  to  doubling  the  product  every  decade, 
ten  years.     This  means  that  the  amount  of  coal  mined  during 
the  first  decade  of  the  twentieth  century  will  exceed  the 
amount  mined  in  all  the  previous  decades.    It  means  that 
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the  amount  mined  in  the  last  decade  of  the  nineteenth  cen- 
tury exceeded  the  amount  which  was  mined  in  all  previous 
decades  of  that  century.  Thus  the  rapid  increase  of  the 
draft  upon  coal  is  nothing  short  of  amazing.  The  question 
at  once  arises,  if  this  rate  of  increase  continues,  How  long 
will  coal  be  available  for  the  use  of  succeeding  generations  ? 

Up  to  1908  the  amount  of  coal  mined  was  7,240,000,000 
tons;  but  for  every  ton  of  anthracite  taken  out  of  the  mines 
from  one  to  one  and  one  half  tons  have  been  wasted  in  min- 
ing, and  for  every  ton  of  bituminous  coal  taken  out  at  least 
one  half  of  a  ton  has  been  thus  wasted,  so  that  the  total 
quantity  which  has  been  mined  or  has  been  destroyed  amounts 
to  fully  10,935,000,000  tons.  If  we  suppose  the  rate  of  in- 
crease of  exploitation  to  be  the  same  in  the  future  as  to 
1908,  Mr.  Gannett  estimates  that  the  available  and  acces- 
sible coal  would  be  exhausted  by  the  year  2027,  and  that 
the  entire  coal  supply  would  be  exhausted  about  the  year 
2050;  that  is,  less  than  150  years  hence.  However,  for 
reasons  given  below  it  is  believed  that  the  coal  will  last  much 
longer  than  this. 

But  in  this  matter  of  the  life  of  the  coal  should  we  not  Necessity 
consider  a  much  longer  period?     The  written  history  of  the  ?°'"  P^^ 
world  extends  back  some  thousands  of  years,  at  most  10,000.  life  of  coal. 
In  that  time  we  have  risen  from  the  savage  condition  to  the 
present  civilized  state.     We  hope  for  a  future  for  our  race 
not  to  be  reckoned  by  thousands  of  years,  but  by  tens  of 
thousands,  or  hundreds  of  thousands,  or  even  millions  of 
years.     And  therefore,  so  far  as  our  responsibility  is  con- 
cerned, it  is  immaterial  whether  the  coal  will  be  exhausted 
in  150  years,  or  1500  years,  or  15,000  years.     Our  respon- 
sibility to  succeeding  generations  demands  that  we  reduce 
its  use  to  our  absolute  necessities,  and  therefore  prolong  its 
life  to  the  utmost. 

Hence  we  must  reduce  the  waste  of  coal;  we  must  so  far 
as  possible  substitute  other  agents  for  coal;  we  must  re- 
quire that  the  coal  mined  be  used  with  the  highest  state  of 
efficiency. 

I  have  already  said  the  total  amount  of  coal  mined  and 
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wasted  is  about  11,000,000,000  tons.  If  this  be  compared 
with  the  total  amount  which  is  estimated  to  exist  in  this 
country,  it  is  found  that  it  is  less  than  one  half  of  one  per 
cent.  Thus  the  proportion  of  coal  which  is  yet  available  is 
more  than  99  per  cent  of  the  original  amount.  Happily 
the  question  of  conservation  has  arisen  in  time  so  far  as 
coal  is  concerned.  We  have  yet  mainly  intact  the  great 
store  which  nature  has  given  us.  Since  it  is  a  resource 
which  cannot  be  added  to,  the  problem  before  us  is  to  make 
it  last  as  long  as  possible. 


Mining 
where  more 
than  one 
coal  seam. 


WASTE   IN  THE   MINING  OF  COAL 

To  the  end  of  prolonging  the  life  of  coal  all  waste  should 
cease.  The  first  of  the  wastes  which  must  be  reduced  is 
that  in  mining.  The  waste  in  mining,  which  in  the  past  has 
amounted  to  from  150  to  100  per  cent  for  anthracite  and  to 
50  per  cent  for  bituminous  coal  of  the  amount  taken  out,  is 
due  to  several  causes. 

In  the  first  place  numerous  large  pillars  have  been  left 
to  hold  up  the  walls.  Under  a  proper  system  of  mining,  pillars 
may  be  removed  wholly  or  in  part.  There  is  no  question 
that  the  amount  of  coal  left  in  the  pillars  by  modern  mining 
methods  can  be  greatly  reduced. 

!  Another  waste  in  mining  has  been  due  to  the  fact  that 
the  beds  are  not  always  solid  coal.  Often  in  a  bed  is  a  layer 
of  shale.  In  this  case,  very  frequently  the  thinner  bed  of  coal 
is  disregarded,  since  to  take  it  out  would  require  the  han- 
dling of  the  shale.  In  this  manner  sometimes  from  a  fourth 
to  a  third  of  the  available  coal  may  be  left  in  the  ground. 

Another  of  the  causes  of  waste  in  coal  mining  is  the  work- 
ing of  lower  beds  before  the  upper.  It  will  be  readily  appre- 
ciated that  where  in  a  given  area  there  are  several  beds  at 
different  levels,  if  the  lower  bed  is  worked  first,  the  sinking 
of  the  ground  will  break  the  upper  ones,  mash  the  coal,  and 
so  leave  it  in  a  condition  in  which  it  is  very  difficult  if  not 
impossible  to  extract.  Therefore  where  there  are  several 
coal  beds,  one  above  the  other,  and  not  far  apart,  the  upper 
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bed  should  be  first  mined,  next  the  bed  below,  and  last  the 
deepest.  Fortunately,  economy  in  working  has  helped  in 
this  particular,  for  the  material  which  is  nearest  the  surface 
is  most  cheaply  extracted;  but  very  often  it  is  the  case  that 
beds  are  so  near  one  another  that  this  factor  has  not  con- 
trolled. The  situation  becomes  complicated  where  the 
several  beds  differ  not  only  in  thickness  but  in  quality. 
The  desire  upon  the  part  of  the  operators  to  obtain  the 
largest  profit  for  the  year,  or  for  the  decade,  has  led  them 
to  disregard  their  responsibility  to  coming  generations  in 
reference  to  mining  first  the  higher  beds  and  considering  also 
the  future  availability  of  the  thinner  and  poorer  beds. 

Another  serious  waste  in  coal  in  connection  with  mining  Waste 
is  the  production  of  very  fine  material  called  slack  or  culm,  "^  ^^^ 
which  is  not  always  marketable.  This  waste  has  been 
especially  important  with  reference  to  anthracite  and  with 
the  so-called  dry  or  non-caking  varieties  of  bituminous 
coal.  At  numerous  mines  many  thousands  of  tons  of  this 
slack  are  thrown  on  the  ground  every  year,  and  in  order  to 
free  it  from  obstruction,  are  set  on  fire  and  burned.  In  the 
first  place  the  amount  of  this  slack  may  be  greatly  reduced 
by  careful  methods  of  mining,  especially  by  the  proper  use 
of  powder.  Second,  the  slack  which  is  left  may  be  bri- 
quetted  with  coal  tar  and  thus  put  into  a  form  in  which  it 
can  be  utihzed.  As  will  be  seen  by  the  next  section  more 
than  sufficient  coal  tar  for  this  purpose  may  be  produced  by 
the  substitution  of  the  retort  coke  oven  for  the  beehive  oven. 

These  defective  methods  of  coal  mining  under  which 
from  50  to  150  per  cent  as  much  coal  has  been  wasted 
as  has  been  extracted  must  be  modified.  Modern  mining 
methods  must  be  introduced;  lower  seams  must  be  worked 
first;  they  must  be  worked  so  as  to  reduce  waste  to  a  mini- 
mimi;  coal  slack  must  be  reduced  in  amount,  and  that 
necessarily  formed  utilized.  The  waste  may  thus  be  reduced 
to  25  per  cent  of  the  amount  taken  out,  and  possibly  to 
15  or  10  per  cent.  In  conclusion  it  is  but  fair  to  say  that 
in  some  districts  there  have  been  great  improvements 
in   economy  of   mining   in   recent   years.      For   instance, 
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Brooks  ^  states  that  in  the  Anthracite  district  of  Pennsyl- 
vania, the  waste  in  mining  is  already  reduced  to  the  lower 
of  these  figures. 

WASTE  OF  COAL  IN   BEEHIVE  COKE   OVENS 

Much  of  the  waste  of  coal  is  in  its  use.  Adjacent  to 
Pittsburg  are  about  35,000  beehive  coke  ovens,  and  in  the 
United  States  altogether  ate  some  95,000.  I  do  not  know 
how  many  of  you  have  traveled  through  the  Connellsville  coal 
region.  If  you  have  done  so  and  have  happened  to  look  out 
of  the  window  of  the  train,  you  have  seen  long  rows  of  these 
beehive  ovens  from  which  flame  is  bursting  and  dense  clouds 
of  smoke  issuing,  making  the  sky  dark.  By  night  the  scene 
is  rendered  indescribably  vivid  by  these  numerous  burning 
pits.  The  beehive  ovens  make  the  entire  region  of  coke 
manufacture  one  of  dulled  sky,  cheerless  and  unhealthful. 
Saving  of  The  use  of  beehive  ovens  is  an  unnecessary  and  most 

??r?i°^J!^.^^  reckless  waste  of  our  fuel  resources.  The  retort  oven  not 
only  yields  a  greater  amount  of  coke  per  ton  and  of  better 
quality  than  the  beehive,  but  it  yields  a  large  quantity  of 
valuable  by-products.  These  are  gas,  tar,  and  ammonia. 
The  first  may  be  used  for  heat;  the  second  is  useful  for  many 
purposes,  arnong  these  the  briquetting  of  coal,  the  making 
of  dyestuffs;  and  the  last  is  a  valuable  fertilizer.  Other 
countries  are  much  more  advanced  than  the  United  States 
in  the  manufacture  of  coke.  In  Germany  nearly  all  of  the 
coke  is  made  in  retort  ovens.  In  the  United  States  there 
were  in  1907  only  3892  such  ovens.  The  value  of  the  by- 
products of  those  ovens  in  that  year  was  $7,548,000,  whereas 
the  value  of  the  coke  was  821,665,000.  Thus  the  by-products 
reached  more  than  one  third  of  the  value  of  the  coke.  It  is 
calculated  that  if  for  the  95,000  beehive  ovens  retort  ovens 
were  substituted,  there  would  be  an  economy  of  approxi- 
mately $50,000,000  per  annum. 

In  no  other  country  but  the  United  States  would  such 
vast  quantities  of  valuable  products  be  recklessly  wasted. 

^  Hearing  before  the  Committee  to  investigate  the  Interior  Department 
and  Forestry  Service,  p.  2845. 
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There  is  no  possible  excuse  for  the  continuance  of  the  use 
of  the  beehive  oven.  Because  capital  is  invested  in  beehive 
ovens  is  no  adequate  reason  for  disregarding  responsibility 
to  the  future,  even  if  there  were  a  financial  loss.  But  as  a 
matter  of  fact,  the  savings  resulting  from  the  substitution  of 
retort  ovens  for  beehive  ovens  will  more  than  justify  the 
necessary  expenditure,  even  from  the  point  of  view  of  an 
investment.  To  make  the  change  will  require  some  years 
at  best  and  doubtless  during  the  transition  the  markets 
would  expand  so  as  to  utihze  the  increasing  amounts  of  by- 
products. 

Whenever  I  have  gone  through  that  Connellsville  coal 
region,  I  have  felt  that  it  is  a  shame  that  the  unnecessary 
waste  of  the  beehive  coke  oven  is  permitted  to  continue 
year  after  year.  Professor  I.  C.  White  says  that  the  waste 
in  West  Virginia  alone  in  six  months  would  be  sufficient  to 
endow  a  university  with  $10,000,000.  This  is  the  waste  in 
one  state  by  one  process,  —  the  manufacture  of  coke  by  the 
obsolete  beehive  oven  process. 

WASTE   OF   COAL   BY   IMPERFECT   COMBUSTION 

We  also  waste  coal  in  immense  quantity  in  the  produc- 
tion of  power.  In  all  the  cities  of  the  country  black  smoke 
is  now  belching  forth  from  innumerable  chimneys.  This 
you  may  see  in  any  manufacturing  district.  Smoke  is  un- 
consumed  coal.  When  dense,  it  represents  a  loss  of  from 
a  fifth  to  a  third. 

Methods  are  known  by  which  coal  may  be  nearly  per-  Efficiency 
fectly  consimied  and  by  so  doing  its  efficiency  greatly  in-  °^°^^^ 
creased.     This  is  accomplished  by  mechanical  stokers.     To  stokers, 
illustrate,  in  the  central  heating  plant  which  has  just  been 
completed  at  the  university  of  Wisconsin  the  economy  in 
the  consumption  of  coal  as  compared  with  hand  firing  is 
about  35  per  cent.     The  increased  cost  of  the  installation 
will  be  more  than  paid  for  by   increased  economy  within 
two  or  three  years.     It  is  both  economical    and  right  that 
all  large  consumers  of  coal  for  heat  or  power  shall  be  re- 
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quired  to  use  some  form  of  stoker  which  will  get  the  highest 
efficiency.  Smaller  users  of  coal,  so  far  as  practicable,  should 
unite  and  form  central  heating  plants  to  distribute  heat 
and  power.  At  the  present  time  there  is  no  question  of  the 
economy  of  this  in  the  case  of  power;  and  the  practice  in 
reference  to  heat  has  been  sufficiently  developed  to  show  that 
this  is  advantageous.  In  reference  to  the  latter,  Randall* 
reports  that  investigation  of  fifty-seven  such  plants  indicates 
*'that  they  are  economical  for  the  householder,  and  that 
their  more  general  establishment  and  use  will  greatly  reduce 
the  amount  of  smoke  generated  in  cities." 

According  to  H.  M.  Wilson,  8  per  cent  of  the  coal  used 
in  the  production  of  power,  light,  and  heat,  or  20,000,000 
tons  of  coal,  are  going  up  the  chimneys  each  year  in  smoke. 
This  represents  a  value  of  at  least  $40,000,000.  But  accord- 
ing to  Wilson  this  is  a  small  part  of  the  loss,  the  damage 
done  to  the  cities  being  several  times  this  amount.  He 
places  the  aggregate  at  the  enormous  amount  of  $500,000,000 
per  annum,  one  tenth  of  which  is  in  the  city  of  Chicago 
alone.  This  may  be  an  overestimate,  but  even  if  the  damage 
is  not  more  than  a  half  of  the  above  amount  it  shows  how 
serious  is  the  smoke  nuisance. 

But  waste  in  coal  and  damage  to  buildings  are  only  a 
part  of  the  evils  of  the  smoking  chimney.  Did  you  ever 
think  of  the  condition  of  the  lungs  of  a  person  living  in  a 
city,  the  air  of  which  is  continually  gray  or  black  with  smoke? 
The  tissues  are  impregnated  with  the  organic  material  in- 
haled day  by  day.  That  this  condition  is  favorable  to  the 
development  of  tuberculosis  is  certain;  also  it  weakens  the 
body  generally.  We  can  calculate  in  percentages  how  much 
of  the  efficiency  of  the  coal  is  lost  by  the  smoking  chimney; 
no  man  can  calculate  what  this  chimney  costs  in  human 
suffering,  in  death;  no  man  can  calculate  what  it  costs  in 
the  pleasantness  of  living.  These  things  are  not  to  be  deter- 
mined on  a  cash  basis.  While  the  perfect  combustion  of 
coal  is  most  important  economically,  it  is  certain  that  the 
conservation  of  humanity  by  eliminating  the  smoking  chimney 
is  even  more  important  than  the  conservation  of  coal. 

1  Bull.  366,  U.  S.  Geol.  Survey,  Washington,  D.  C. 
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SUBSTITUTION   OF   GAS  FOR   STEAM   ENGINE 

Another  method  by  which  the  efficiency  of  the  coal  can 
be  increased  is  by  the  substitution  of  the  gas  engine  for  the 
steam  engine. 

I  have  just  said  that  by  the  use  of  mechanical  stokers  the 
power  developed  by  steam  boilers  could  be  increased  about 
one  third.  But  even  with  the  best  of  firing  the  steam  boiler 
is  very  inefficient.  Under  the  most  favorable  conditions  it 
does  not  produce  in  power  more  than  about  15  per  cent 
of  the  heat  units  of  the  coal;  and  it  is  probably  true  that 
in  average  practice  the  steam  engine  does  not  develop  in 
power  more  than  5  to  10  per  cent  of  the  heat  energy. 

Every  effort  should  be  made  to  improve  the  efficiency  of 
the  steam  engine;  but  at  best  it  is  likely  permanently  to 
continue  a  very  extravagant  method  of  converting  heat  into 
power.  This  fact  has  directed  attention  to  the  discovery 
of  some  other  engine  of  greater  efficiency  as  a  substitute  for 
the  steam  engine.  Thus  during  recent  years  the  gas  engine 
has  developed,  and  it  is  rapidly  being  introduced.  The  gas 
engine  works  upon  a  different  principle  from  the  steam 
engine.  Instead  of  burning  the  coal  under  a  boiler  and 
making  steam,  the  coal  is  transformed  into  gas  and  the  gas 
is  mixed  with  the  air,  making  an  explosive  compound,  the 
explosions  taking  place  in  the  pistons  of  the  engine  and  thus 
driving  it. 

The  United  States  Geological  Survey,  as  a  result  of  ex-  Economy 
tended  experiments,  has  determined  the  efficiency  of  coal  ^^s^^ 
for  the  gas  engine  as  follows:  ''The  average  consumption 
of  fuel  for  a  brake  horse  power  hour  was  1.36  pounds  of 
bituminous  coal,  or  1.99  pounds  of  lignite  coal,  the  minimum 
consumption  being  0.84  pound  and  1.48  pounds,  respectively. 
Comparative  tests  of  75  bituminous  coals  under  a  water- 
tube  boiler  and  in  the  gas  producer  showed  that  the  average 
fuel  consumption  per  brake  horse  power  in  the  steam  plant 
was  2.7  times  that  in  the  producer  plant.  Several  low 
grade  coals  and  lignites  that  were  of  little  value,  or  even 
worthless,  under  the  steam  boiler  gave  excellent  results  in 
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the  producer.  Other  low  grade  fuels  —  such  as  roof  slabs, 
culm,  and  washery  refuse,  and  even  a  bone  coal  that  con- 
tained 44  per  cent  of  ash  —  have  been  used  to  advantage 
in  the  producer  under  proper  commercial  conditions."  It 
is  safe  to  say  from  these  results  that  the  draft  upon  coal  in 
the  production  of  power  by  the  gas  producer  and  gas  engine 
is  not  half  as  great  as  with  the  steam  boiler,  since  not  only 
is  the  better  coal  far  more  efficient,  but  refuse  material  is 
available. 

The  Geological  Survey  reports  that  there  are  in  the  United 
States  more  than  500  producer  gas  plants  ranging  in  size 
from  15  to  6000  horse  power.  Already  gas  engines  are  in 
operation  from  2000  to  3500  horse  power  each. 

Here  then  is  a  great  field  in  which  economy  in  the  use  of 
coal  may  be  promoted.  The  results  achieved  show  clearly 
the  superior  economy  of  the  gas  engine  as  compared  with 
the  steam  engine;  it  is  to  be  hoped  that  the  substitu- 
tion will  take  place  as  rapidly  as  practicable,  and  thus  re- 
duce the  amount  of  coal  required  for  power  to  about  one 
half  that  used  for  the  steam  engine. 

LOSS   OF   COAL   IN   itlAKING   UGHT 

The  waste  of  energy  in  making  light  from  coal  is  even 
more  striking  than  with  reference  to  power.  When  coal  is 
used  for  making  light,  by  consuming  the  coal,  making  steam, 
transforming  the  power  of  the  steam  into  electric  energy, 
and  then  transforming  that  into  light,  not  one  per  cent  of  the 
available  energy  of  the  coal  is  transformed  into  light;  a 
common  estimate  is  one  fifth  of  one  per  cent.  The  remainder 
is  lost  in  the  various  stages  of  transformation.  Here  is  an- 
other field  for  increased  economy.  Already  some  of  the 
higher  efficiency  lamps  have  done  better  than  this;  but  it  is 
certainly  true  that  under  present  practice,  on  an  average, 
not  one  per  cent  of  the  energy  of  the  coal  is  transformed 
into  light. 
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INCREASE   OF   CARBON   DIOXIDE    IN   THE   AIR 

It  is  probable  that  the  consumption  of  coal  itself  will  lead  to  Coal  com- 
conditions  which  will  require  less  coal  for  fuel.     It  has  been  "^^^^^^^  ^^^ 
shown  by  the  physicist  Arrhenius  that  the  carbon  dioxide  of  rise  of  world 
the  atmosphere  serves  as  does  the  glass  of  a  hothouse  to  save  t^^^pera- 
the  heat  of  the  sun.  Says  he, "  if  the  carbon  dioxide  is  increased 
2.5  to  3  times  its  present  value,  the  temperature  in  the  arctic 
regions  must  rise  8  to  9°  C.  and  produce  a  climate  as  mild  as 
that  of  the  Eocene  period."  ^ 

It  is  to  be  remembered  that  in  the  Eocene  the  climate  was 
sufficiently  warm  so  that  abundant  vegetation  existed  in 
Greenland. 

The  combustion  of  coal  produces  enormous  quantities  of 
carbon  dioxide  which  passes  into  the  atmosphere.  If  for  the 
coming  centuries  the  rate  of  coal  combustion  for  the  entire 
world  were  assumed  to  be  at  the  rate  of  one  billion  tons 
per  annum  (probably  two  or  three  billion  tons  would  be  nearer 
the  truth),  there  would  be  sent  into  the  atmosphere  over 
2,900,000,000  tons  of  carbon  dioxide  each  year.  In  conse- 
quence of  this  the  amount  of  carbon  dioxide  in  the  atmos- 
phere would  be  doubled  in  about  eight  hundred  years.^  To  in- 
crease the  carbon  dioxide  in  the  atmosphere  to  three  times  its 
present  amount  through  coal  combustion  would  require  less 
than  1600  years;  and  the  coal  consumption  may  become  so 
rapid  as  to  accomplish  this  in  1000  years  or  less. 

As  the  climate  becomes  milder,  it  is  plain  that  for  the  tem- 
perate regions,  in  which  is  located  the  United  States,  less  coal 
will  be  used  for  fuel. 


GENERAL    STATEMENTS 


Other  improvements  have  been  made  in  the  use  of  coal  investiga 
during  the  past  few  years;    for  instance,  in  1875  it   took 


tion  and 
economy. 


^  Arrhenius,  Svante,  On  the  influence  of  carbonic  acid  in  the  air  upon  the 
temperature  of  the  ground;  Philos.  Mag.,  5th  ser.,  vol.  41,  1896,  pp.  237- 
276.     Summary  in  Jour,  Geol.,  vol.  7,  pp.  623-625. 

2  "A  Treatise  on  Metamorphism,"  by  Charles  R.  Van  Hise,  Monograph 
XLVII,  U.  S.  Geol.  Survey,  pp.  463-465. 

D 
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from  3500-  to  3700-weight  of  coke  to  make  one  ton  of  iron. 
Under  present  practice  it  only  takes  about  2200-weight, 
less  than  two  thirds  of  the  amount  required  thirty  years 
ago. 

The  above  illustrations  of  lack  of  efficiency  in  the  use  of 
coal  and  of  improvements  made  are  given  to  explain  a  prin- 
ciple. This  is,  we  should  never  cease  to  strive  to  improve 
the  efficiency  and,  therefore,  the  economy  in  the  consump- 
tion of  coal.  Here  is  a  great  opportunity  for  advance,  and 
hence  investigations  by  the  nation,  by  the  state,  by  en- 
gineering societies,  by  universities,  u]X)n  the  subject  are  de- 
manded. Expenditures  of  money  for  the  purpose  of  pro- 
ducing a  higher  efficiency  in  the  use  of  coal  will  undoubtedly 
be  returned  many  fold. 

In  the  future,  water  will  be  used  to  a  much  greater 
extent  than  in  the  past  to  develop  power  to  make  light, 
and  this  will  greatly  reduce  the  consumption  of  coal.  This 
substitution  is  now  rapidly  taking  place,  or  at  least  the 
increased  demand  for  power  is  largely  met  by  the  use  of 
water.  At  the  present  time  under  favorable  conditions  water 
power  can  be  advantageously  transmitted  200  or  even  300 
miles.  This  phase  of  the  subject  will  not  be  further  considered 
here,  but  will  be  developed  under  Waters,  see  p.  124. 
Coal  should  Not  Only  should  coal  be  conserved  in  every  way  possible, 
to  besTuse  ^^^  ^^®  ^^^^  ^^^^  should  be  made  of  the  different  varieties. 
At  the  present  time,  according  to  Dean  Goss  of  Illinois, 
about  one  fifth  of  the  75,000,000  tons  of  anthracite  coal 
mined  in  this  country  goes  into  the  locomotive.  For  this 
purpose,  bituminous  coal  will  serve  equally  well;  and  since 
our  supplies  of  bituminous  coal  are  vastly  larger  than  those 
of  anthracite,  the  latter  variety  of  coal  should  be  kept  for 
higher  purposes. 

Finally,  it  is  extremely  probable  that  the  industrial  expan- 
sion of  the  past  will  not  continue  indefinitely;  and  therefore 
there  will  not  be  the  same  necessity  even  under  existing  con- 
ditions for  doubling  the  amount  of  coal  mined  every  ten  years. 
Indeed  it  is  probable  that  in  the  near  future  the  time  required 
for  doubUng  the  output  will  be  considerably  extended. 
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The  considerations  above  given  make  it  certain  that  coal  Improve- 
ment in 
use  of  coal. 


will  last  longer  than  150  years,  the  estimate  of  Mr.  Gannett  ™®"*  '"^ 


upon  the  hypothesis  that  the  same  rate  of  increase  will  con- 
tinue in  the  future  as  in  the  past.  It  is  believed  that  the 
rate  of  increase  will  not  be  so  rapid  as  in  the  past,  because 
of  the  facts  which  have  been  given.  Improvements  in 
mining  will  reduce  the  waste  to  25  per  cent,  or  perhaps  10 
per  cent;  the  coal  slack  will  be  utilized;  the  beehive  oven 
will  be  abolished;  the  smoking  chimney  of  the  large  manu- 
facturing enterprises  and  of  all  large  users  of  coal  will  be 
discontinued;  discoveries  will  be  made  which  will  still  further 
increase  the  efficiency  of  the  coal  used;  water  will  be  sub- 
stituted for  coal  in  the  development  of  power. 

But  in  order  that  these  results  shall  be  accomplished,  and  Improve- 
so  prolong  by  ten  or  more  times  150  years  our  coal  supply,  "^^nts  aa 
a  great  campaign  of  education  will  be  required.     Our  laws  laws, 
should  be  so  amended  as  to  prohibit  the  uneconomic  use 
of  coal.    This  means  that  the  unnecessary  waste  of  coal  in 
mining  should  be  unlawful;   it  means  that  the  manufacture 
of  coke  in  beehive  ovens  should  not  be  allowed;    it  means 
that  manufacturing  plants  should  be  obliged  to  use  mechani- 
cal stokers  and  obtain  complete  combustion. 

But  it  may  be  said  that  such  far-reaching  proposals  trench  The  rights 
upon  the  rights  of  private  owners.  But  has  any  one  the  °^  ^°^ 
right  unnecessarily  to  destroy  a  natural  product  which  it 
took  the  building  of  the  world  to  make,  because  we  chance 
to  have  intrusted  to  him  the  charge  of  that  product?  There 
is  no  question  as  to  good  morals  in  this  matter.  It  is  good 
morals  to  insist  that  such  a  product  shall  not  be  wasted; 
not  only  is  it  good  morals,  but  it  is  good  law  (see  p.  363). 


THE  PUBLIC   COAL   LANDS 

I  now  wish  to  call  your  attention  for  a  few  minutes  to  the  Coal  lands 

pubUc   coal   lands,   because   in   connection   with   them   are  d^^po^f ^ «' 

'  as  agn- 

special  problems  which  are  directly  before  the  people  at  this  cultural, 
time.     It  has  been  the  policy  of  the  government  to  dispose 
of  its  public  domain,  but  in  recent  years  the  principle  under- 
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lying  all  the  laws  for  such  disposal  has  been  that  only  a 
limited  tract  shall  pass  to  one  individual  or  one  group  of 
individuals.  The  first  general  coal  land  law  was  passed  in 
1873.  Before  that  time  the  great  and  enormously  valuable 
areas  of  coal  land  of  the  Middle  West  from  Ohio  to  Missouri 
and  Kansas,  from  Kentucky  to  Michigan,  passed  from  the 
government  to  private  hands,  without  respect  to  whether  or 
not  they  were  coal-bearing.  The  man  who  obtained  posses- 
sion of  lands  as  agricultural  or  for  any  other  purpose,  also 
obtained  possession  of  the  coal  which  underlaid  them.  But 
in  1873  an  act  was  passed  under  which  known  coal  lands 
were  separated  from  other  lands  and  were  to  be  disposed  of 
as  such.  Even  after  this  law  was  passed  large  tracts  of 
coal  lands  passed  to  private  owners  as  agricultural.  Indeed, 
of  the  many  million  acres  of  government  coal  lands  dis- 
posed of  since  1873,  only  about  500,000  acres,  according  to 
Butler,  have  been  patented  under  the  coal  land  laws.  Ac- 
cording to  Woodruff  100,000,000  acres  of  coal  land  were 
disposed  of  as  agricultural  lands. 

In  order  to  meet  this  situation  and  other  diflScuIties,  the 
National  Conservation  Commission,  in  its  first  report  (1908), 
recpmmended  that  the  public  lands  be  classified,  and  the 
timber,  minerals,  and  surface  disposed  of  separately.  This 
recommendation  was  acted  on  in  part  by  Congress  in  the 
so-called  Mondell  bill,  approved  March  3,  1909.  Under  this 
act  a  person  who  has  entered  lands  as  agricultural,  which 
are  subsequently  classified  as  valuable  for  coal,  may  receive 
a  patent  for  such  lands;  but  the  coal  may  be  disposed  of  in 
accordance  with  the  provision  of  the  coal  land  laws. 

The  coal  statute  of  1873  provided  for  the  sale  of  known 
coal  lands  at  prices  "not  less  than  ten  dollars  per  acre"  for 
those  that  are  more  than  fifteen  miles  from  a  completed 
railroad,  and  "not  less  than  twenty  dollars  per  acre"  for 
lands  within  fifteen  miles  of  a  completed  railroad.  Under 
this  act  only  160  acres  could  be  taken  by  an  individual; 
but  an  association  of  individuals  up  to  four  might  take  up 
as  many  times  160  acres  as  there  were  persons  in  the  asso- 
ciation, limiting  however  the  total  amount  for  any  one  asso- 


drawal  of 
coal  lands. 
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elation  to  640  acres.  The  act  still  further  provided  that  no 
individual  or  member  of  an  association  might  enter  or  hold 
more  than  the  above  amount. 

Notwithstanding  the  perfect  clearness  of  the  law  of  Con- 
gress, the  act  of  1873  until  1906  was  interpreted  by  the  land 
office  of  the  interior  department,  so  that  the  words  *^not 
less  than"  meant  ''not  more  than."  In  other  words,  the 
land  office  disposed  of  all  coal  lands  which  were  taken  up 
during  these  years  at  prices  either  $10  or  $20  an  acre,  de- 
pending upon  contiguity  to  a  railroad,  without  reference 
to  whether  they  were  worth  many  times  this  amount. 

President  Roosevelt,  appreciating  the  situation  in  refer-  With 
ence  to  coal  lands,  during  his  administration,  and  mainly 
toward  its  close,  while  James  R.  Garfield  was  Secretary  of 
the  Interior,  withdrew  from  private  entry  in  the  United 
States  for  classification  by  the  Geological  Survey  more  than 
75,000,000  acres  of  coal  lands.  These  withdrawals  have 
been  increased  during  President  Taft's  administration,  while 
R.  A.  Ballinger  was  Secretary  of  the  Interior,  so  that  the 
total  area  withdrawn  to  November  1,  1909,  was  79,650,002 
acres.  In  February,  1910,  the  Secretary  of  the  Interior,  in 
addition  to  the  above,  withdrew  588,000  acres  of  coal  land  in 
Wyoming.  The  total  coal  land  withdrawal  the  first  year 
of  the  Taft-Ballinger  administration,  i.e.  to  March  4,  1910, 
amounted  to  7,675,000  acres;  and  the  form  of  withdrawal 
of  9,000,000  acres  more  was  changed  to  cover  all  kinds  of 
entry  instead  of  coal  alone. 

In  July,  1906,  under  the  administration  of  President  Price  of 
Roosevelt,  when  James  R.  Garfield  was  Secretary  of  the  coal  lands. 
Interior,  it  was  decided  that  the  words  ''not  less  than"  are 
not  sjmonymous  with  the  words  "not  more  than,"  and, 
without  any  change  in  the  law,  a  new  scale  was  put  into 
force  under  which  the  coal  lands  were  disposed  of  at  prices 
varying  from  $75  to  $100  an  acre,  the  first  amount  for  good 
bituminous  coal,  and  the  second  for  anthracite.  Still  another 
scale  was  put  in  force  in  April,  1909,  under  which  the  prices 
range  in  most  cases  from  $100  to  $300  an  acre  for  the  best 
coal  lands:    that    is,  at  the  present  time    anthracite  and 
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coking  bituminous  coal  are  disposed  of  at  the  rate  of  from 
two  to  three  cents  per  ton,  high  grade  non-coking  bitumi- 
nous at  one  to  two  cents  per  ton,  low  grade  bituminous  and 
high  grade  sub-bituminous, at  from  one  to  one  and  one  half 
cents  per  ton,  and  low  grade  sub-bituminous  and  lignite  coal 
at  the  minimum  price  of  $10  to  $20  an  acre. 

But  even  this  new  scale  of  prices,  according  to  the  director 
of  the  Geological  Survey,  is  rarely  equal  to  one  tenth  of  the 
royalties  paid  in  the  same  districts  to  private  interests. 
He  says  the  prices  "range  from  5  to  30  per  cent 
of  the  usual  royalty  paid  in  the  West."'  According 
to  Ashley,  the  above  prices  placed  on  the  government 
coal  lands  represent  "one  fifth  of  the  computed  royalty 
value,  an  ultra-conservative  estimate  which  in  turn  is  based 
on  a  conservative  estimate  that  only  1000  tons  per  acre-foot 
of  the  coal  computed  to  be  in  the  ground  can  be  recovered." 
Not  only  so,  but  in  the  calculations,  all  seams  less  than 
fourteen  inches  thick  are  ignored;  as  also  all  coal  at  greater 
depth  than  3000  feet.  Ashley  further  says:  "In  general 
the  government  price  for  lands  containing  several  beds  will 
average  not  far  from  one  tenth  of  the  estimated  royalty 
value."  These  statements  are  from  the  official  publication 
of  the  United  States  Geological  Survey.^ 

That  Ashley  is  correct  in  his  conclusions  is  reenforced  by 
what  happened  in  the  case  of  some  of  the  coal  lands  which 
have  been  taken  possession  of  unlawfully.  For  instance,  in 
Horse  Thief  Canon,  Wyoming,  large  tracts  of  coal  lands 
were  fraudulently  entered  and  coal  mined.  For  such  coal 
the  company  has  settled  with  the  government  on  the  basis 
of  eight  cents  per  ton  royalty,  which  means  that  the  govern- 
ment has  received  for  such  coal  lands  $850  per  acre.  Some 
of  the  coal  lands  in  Colorado  contain  in  a  number  of  seams 
as  much  as  fiftj^-six  feet  of  commercial  coal.  These  lands 
upon  a  basis  of  a  royalty  of  eight  cents  a  ton  would  yield 
$5000  an  acre.  Yet  a  large  portion  of  the  Colorado  coal 
lands  have  been  disposed  of  at  from  $10  to  $20  per  acre. 


1  Thirtieth  Annual  Report,  p.  10. 

2  "The  Value  of  Public  Coal  Land,' 
U.  S.  Gcol.  Survey,  p.  14. 


George  H.  Aahley,  Bulletin  424, 
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Of  the  coal  lands  withdrawn  in  the  United  States,  amount-  Adequate 
ing  to  some  80,000,000  acres,  to  November  1,  1909,  35,915,255  p"^^  ""^"f^ 

*^  '         '  '        '         '  be  placed  on 

acres  have  been  classified  by  the  Geological  Survey,  and  their  coal  lands. 
sale  is  now  going  on  rapidly.  According  to  Ashley,  "it  may 
be  of  interest  to  note  that  the  higher  prices  placed  on  govern- 
ment lands  do  not  seem  to  have  decreased  their  sale,  but 
rather  the  contrary."  This,  notwithstanding  *Hhe  predic- 
tions so  freely  made  that  the  new  prices  would  absolutely  tie 
up  their  sales."  A  possible  explanation  of  this  phenomenon 
is  that  those  who  are  seeking  coal  lands  at  prices  far  below 
the  value  appreciate  that  their  opportunities  will  not  last 
much  longer. 

The  Secretary  of  the  Interior,  I  understand,  hold's 
that  after  the  coal  lands  are  classified  they  must  be 
sold  under  existing  laws;  but  there  is  no  law  which  prevents 
him  from  placing  a  value  on  them  such  as  would  be  asked 
for  such  lands  were  they  owned  by  private  parties.  Indeed, 
this  is  the  only  reasonable  interpretation  to  be  placed  upon 
the  law  of  1873;  otherwise  a  maximum  price  as  well  as  a 
minimum  would  have  been  fixed  by  Congress.  The  people 
have  the  right  to  ask  that  not  another  acre  of  the  public 
coal  lands  shall  be  disposed  of  at  a  price  lower  than  would 
be  demanded  for  them  if  these  lands  were  in  the  hands  of 
private  parties.  Further,  in  making  estimates  as  the  basis 
of  sale  all  the  assumptions  should  not  be  made  in  favor  of 
the  purchaser;  that  is,  a  valuation  should  be  placed  suffi- 
ciently high  upon  all  of  the  coal  lands  so  that  the  public  is 
protected  beyond  peradventure. 

On  November  16,  1906,  under  President  Roosevelt's  ad-  The 
ministration  coal  lands  in  Alaska  were  absolutely  withdrawn  ^^f^an 
as  follows;  those  containing  known  workable  coal,  792,320 
acres,  and  coal-bearing  rocks  which  may  contain  coal, 
8,092,160  acres.  The  coal  lands  of  Alaska  include  areas  of 
high  grade  anthracite  and  bituminous  coal,  low  grade  bitimii- 
nous  coal,  and  lignites.  According  to  G.  C.  Martin  the 
grand  total  for  this  region  of  workable  coal  is  more  than 
15,100,000,000  tons,  of  which  1,611,700,000  is  anthracite, 
and  517,100,000  semi-anthracite.    The  semi-bituminous  coal, 
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that  is,  coal  near  semi-anthracite,  amounts  to  1,492,600,000 
tons,  making  a  known  total  of  high  grade  coal  in  Alaska  of 
3,621,400,000  tons. 

The  absolute  withdrawal  of  the  Alaskan  coal  lands  \\a> 
necessary,  since  under  the  present  law,  if  coal  lands  arc  dis- 
posed of  in  that  territory,  this  must  be  done  at  the  absurdly 
low  rate  of  $10  per  acre. 
Claims  At  the  present  time  claims  have  been  filed  upon  probably 

?5^,°°         two  thirds  of  the  best  coal  lands  of  Alaska.    These  claims  are 
coaL  now  owned  or  controlled  by  a  few  large  corporations,  although 

according  to  the  law  under  which  entries  were  made  they  must 
be  bona  fide  ones  of  160  acres  by  individuals,  or  at  most  640 
acres  by  four  individuals,  and  in  the  interest  of  the  entry- 
men.  By  an  act  of  1908  entries  made  in  good  faith  under 
the  previous  law  were  allowed  to  be  consolidated  into  single 
holdings  not  exceeding  2560  of  contiguous  land.  As  yet 
these  claims  have  not  been  recognized  by  the  government; 
and  it  is  believed  by  the  special  agents  of  the  land  depart- 
ment who  have  examined  and  reported  upon  them  that 
many  and  probably  the  majority  of  them  are  fraudulent. 

Probably  upon  the  average  royalties  could  be  obtained 
for  the  high  grade  coal  in  Alaska  of  fifteen  to  twenty-five 
cents  a  ton,  although  doubtless  the  royalties  would  need 
to  be  placed  lower  for  the  first  ten  years,  Brooks*  thinks 
not  over  eight  cents.  Some  of  the  large  interests  hav- 
ing claims  pending  before  the  land  department  estimate 
their  profits  in  case  their  claims  are  validated  at  fifty  cents 
a  ton;  and  it  is  safe  to  assume  that  these  estimates  are  not 
too  high.  It  is  therefore  clear  that  the  government  on  a 
leasing  basis  would  finally  receive  from  these  lands  a  very 
large  amount.  It  is  to  be  hoped  that  this  enormously  valu- 
able resource  may  remain  the  property  of  the  United  States; 
and  certainly  no  part  of  these  lands  should  l^  allowed  to 
pass  to  private  hands  save  upon  the  clearest  proof  of  the 
legality  of  the  claim.  The  rate  of  SIO  per  acre  for  which 
the  lands  must  be  disposed  of,  if  at  all,  for  the  Bering  River 

*  Hearing  before  the  Congressional  Committee  to  investigate  the  Interior 
Department  and  the  Forestry  Service,  pp.  2844,  2905. 
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field  probably  does  not  exceed  one  fifth  to  one  fiftieth^ 
their  real  value. 

Congress  as  soon  as  possible  should  pass  a  law  which  shall  Coal  lands 
prohibit  absolutely  the  further  sale  of  the  public  coal  lands,  ®^o^^  ^^ 
in  order  that  they  may  be  operated  under  the  lease  system,  sold. 
If  it  is  advantageous  for  private  parties  to  gain  possession 
of  the  government  coal  lands  and  to  operate  or  sublet  them 
to  others  under  the  lease  system,  it  is  advantageous  for  the 
government  to  retain  such  lands  and  to  grant  leases  for  their 
mining  to  private  parties.     This  would  give  the  following 
advantages. 

1.  Leases  could  be  made  of  various  sizes  adapted  to  the  sit- 
uation. At  localities  where  the  coal  seams  are  numerous  and 
thick,  a  lease  to  one  company  should  cover  only  a  moderate 
area.  In  other  localities  where  there  is  perhaps  only  a  single 
workable  seam  of  coal,  a  lease  should  be  for  a  larger  area. 

2.  Conditions  may  be  imposed  which  carefully  guard  the  Lease 
methods  of  exploitation  so  as  to  avoid  waste.     In  this  man-  should 
ner  the  ruinous  competition  which  has  been  characteristic  against 
of  the  East  and  which  has  led  to  the  mining  of  the  thicker  waste, 
and  richer  seams,  and  leaving  much  of  the  poorer  material 
behind,  can  be  avoided.     Leases  will  only  be  taken  upon 
those  seams  which   can  be   commercially  handled  on  the 
basis  of  clean  and  complete  mining.     Other  areas  in  which 

the  seams  are  poorer  or  less  advantageously  located  so  that 
such  mining  cannot  be  done  will  not  be  opened  up  but  will 
remain  as  a  reserve  for  future  generations. 

3.  A  lease  should  be  on  the  basis  of  a  royalty  per  ton  Further 
upon  the  amount  of  coal  mined,  with,  however,  the  require-  ^^^^^ 
ment  of  mining  a  reasonable  minimum  per  annum,  to  prevent 
acquisition  of  coal  lands,  and  holding  them  without  opera- 
tion.    The  amount  of  royalty  per  ton  should  be  adjusted  to 

the  character  of  the  coal,  its  ease  of  mining,  and  the  relation 
to  transportation  and  markets.  A  lease  should  be  for  a 
definite  term  of  years,  for  instance  ten  or  twenty  years,  as 
may  seem  best,  at  the  end  of  which  term  the  government 
should  have  the  right  to  fix  the  royalty  at  a  rate  reasonable 

^Loc.  cit.,  p.  2909. 
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at  that  time.  The  lessee  should  have  the  first  right  for 
renewal  upon  such  terms,  but  if  renewal  be  not  desired,  some 
equitable  arrangement  should  be  made  for  compensation  to 
the  lessee  for  his  plant. 

If  the  government  retains  the  coal  lands  and  permits 
their  operations  on  a  lease  system,  it  will  obtain  a  fair 
return  from  them;  and  only  by  this  system  is  this  likely 
to  be  the  case. 

4.  The  retention  by  the  government  of  the  remaining 
coal  lands  of  the  public  domain  is  very  important  in  main- 
taining a  reasonable  price  for  coal,  since  if  this  be  done, 
there  will  be  competition  of  the  coal  from  the  land  owned 
by  the  government  with  that  which  comes  from  private 
lands. 

5.  Also  under  the  leasing  system  the  maximum  prices  at 
which  the  product  is  sold  may  be  fixed,  and  thus  make  it 
certain  that  the  people  may  obtain  coal  at  reasonable  prices. 
The  conditions  of  a  lease  may  be  such  as  the  government 
desires  to  impose.  If  the  price  is  fixed  at  which  the  product 
is  sold,  this  would  have  to  be  taken  into  account  in  deter- 
mining royalties;  for  the  operator  should  have  a  fair  return 
from  his  investment. 

6.  The  exportation  of  coal  from  the  leased  lands  may  be 
prohibited  at  any  time  it  becomes  clear  to  the  authorities 
that  this  is  to  the  permanent  interest  of  the  nation.  For 
my  own  part  I  have  no  doubt  as  to  the  advisability  of  such 
legislation  in  the  near  future. 

It  is  indeed  a  question  whether  it  would  not  have  been 
wiser  for  the  government  to  have  retained  all  of  the  coal 
lands  which  were  a  part  of  her  public  domain,  but  that  is  a 
question  which  it  is  useless  now  to  discuss.  Certainly  the 
remnant  still  owned  should  be  retained  through  the  in- 
definite future  as  the  property  of  the  people  in  order  that 
they  may  gain  the  full  advantage  of  ownership  of  a  natural 
resource  of  such  fundamental  importance  as  coal. 

Secretary  of  the  Interior  Ballinger,  with  the  approval  of 
President  Taft,  in  1910  presented  a  bill  to  Congress,  embody- 
ing the  principles  advocated  for  the  disposal  of  the  public 
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coal  lands.  Among  the  provisions  of  the  bill  are  the  follow- 
ing: the  lands  in  the  United  States  and  Alaska  which  con- 
tain coal  are  to  be  reserved  from  sale  or  entry;  they  are  to 
be  open  for  prospecting  in  parcels  not  to  exceed  5120  acres, 
and  subject  to  lease  in  tracts  of  not  more  than  2560  acres; 
the  leases  shall  not  be  for  more  than  thirty  years,  but  they 
may  be  extended  in  periods  of  ten  years  under  equitable 
terms;  the  original  lease  is  to  pay  a  royalty  not  to  exceed 
fifteen  cents  per  ton  of  run  of  mine  coal,  with  a  minimum  ' 
rental  of  the  land,  the  same  however  to  be  allowed  as  part 
payment  of  royalties.  The  bill  further  provides  that  a 
maximum  price  may  be  fixed  beyond  which  the  owner  of 
the  license  shall  not  charge  the  public  for  coal  and  the  prices 
may  be  graduated  during  the  term  of  the  lease.  The  surface 
rights  of  the  land  may  be  obtained  under  the  non-mineral 
land  laws.  The  provisions  of  this  bill  are  in  general 
excellent;  but  there  is  no  adequate  reason  for  limiting 
the  amount  of  the  royalty;  this  should  be  determined  on 
an  equitable  basis  in  each  case.  It  is  to  be  hoped  that 
the  administration  bill  will  be  perfected  and  enacted  into 
law. 

Two  states  of  the  Union,  Colorado  and  Wyoming,  each  Lease 
owning  coal  lands,  have  adopted  the  lease  system  advocated.  °^  ^^^^ 
According  to  Ashley,  in  November,  1908,  in  Colorado  there  states, 
were  18,275  acres  of  coal  land  under  lease,  which  yielded 
$104,000.42  in  royalties  during  the  biennial  period  ending 
November  30  of  that  year.  The  Colorado  leases  illustrate 
all  the  principles  advocated.  The  lessee  must  begin  mining 
coal  within  six  months  after  he  has  obtained  the  same;  he 
must  carry  on  mining  continuously  and  mine  a  reasonable 
amount  of  coal;  good  mining  methods  must  be  used  which 
will  prevent  waste  and  protect  against  various  emergencies; 
he  must  pay  a  royalty  of  ten  cents  a  short  ton,  or  from  three 
to  more  than  ten  times  as  much  as  the  government  is  now 
parting  with  its  coal  lands  for.  This  statement  should  be 
modified  by  the  fact  that  the  payment  is  made  in  the  case 
of  the  lessee  only  as  the  coal  is  mined;  whereas  the  govern- 
ment gets  its  money  at  once.     It  is  clear,  however,  that  the 
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government  is  the  organization  that  can  best  afford  to  wait 
until  the  coal  is  mined  before  it  receives  payment;  but 
when  the  exploitation  takes  place  it  should  receive  adequate 
compensation. 

REGULATION  OP  THE  PRICE  OP  COAL 

But  even  if  the  government  retains  possession  of  its  re- 
maining coal  lands  this  is  inadequate  so  far  as  anthracite 
is  concerned,  for  this  coal  in  Pennsylvania  is  already  alto- 
gether in  private  hands.  It  has  been  definitely  decided 
within  the  past  few  years  that  the  rates  which  public  utilities 
may  charge  may  be  fixed  by  the  states,  and  so  far  as  these 
are  interstate,  by  the  United  States.  This  position  was 
severely  attacked  a  few  years  ago;  but  it  is  now  firmly  settled 
that  the  prices  which  public  utilities  charge  may  be  fixed 
by  regulation  through  commission,  subject  to  the  limitation 
that  the  prices  determined  may  not  confiscate  private  property. 
Monopoly  The  question  arises  as  to  what  shall  be  done  in  the  case 
pi^  of  a  product  which  is  substantially  a  monopoly,  or  if  not 

a  monopoly,  a  product  in  which  the  conditions  are  such  that 
the  regulation  of  prices  by  competition  as  a  matter  of  fact 
does  not  exist.  Can  the  price  of  products  be  fixed  under 
such  circumstances?  It  has  been  held  by  many  lawyers 
that  the  same  principle  applies  in  such  cases  as  applies  in 
the  case  of  a  public  utility,  such  as  the  railroads.  At  various 
times  in  the  history  of  civilization  the  prices  of  products 
have  been  fixed.  The  principle  upon  which  such  laws  are 
based  is  that  no  one  has  the  right  to  charge  extortionate 
prices  for  any  article.  The  fixing  of  prices  was  common  under 
Roman  law.  In  England  prices  have  been  fixed  upon  the 
following  commodities:  books,  beer  barrels,  coal,  wheat,  rye, 
bread,  labor,  etc.  In  Massachusetts,  the  revised  laws  of 
1649  regulated  the  prices  of  wages,  bread,  ferriage,  mill 
tolls,  and  wharfage.*  Not  only  so,  but  in  New  York  and 
Massachusetts  the  scale  of  wages  was  fixed  for  farm  laborers, 
mechanics,  and  teamsters.^     It  is  true  that  the  fixing  of  prices 

»  Freund,  "The  Police  Power,  Chicago,"  pp.  382-397.     Gilmore,  "The 
Green  Bag,"  Vol.  VII.  1905,  pp.  627-632. 

'  A.  A.  Bruce,  Mich.  Law  Review,  Vol.  VII.  p.  634. 
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of  commodities  has  not  been  practiced  for  a  long  time;  we 
have  trusted  to  competition  to  control  them.  It  has  been 
beheved  that  competition  was  the  most  effective  force  in  the 
accomplishment  of  this  result.  Undoubtedly  competition 
gave  fairly  satisfactory  results  as  long  as  there  were  numerous 
competitors  for  each  of  the  various  products.  But  now  a 
new  situation  confronts  us.  At  the  present  time  produc- 
tion of  each  of  various  commodities  is  controlled  by  a  single 
corporation,  or,  if  not  so,  by  a  few  corporations  which  have  a 
common  interest  in  preventing  competition.  This  modern 
tendency  of  concentration  of  ownership  of  a  great  product 
among  a  few  individuals  or  corporations,  and  especially  the 
concentration  of  great  stores  of  natural  wealth,  raises  the 
question,  whether  the  conditions  have  returned  which  de- 
mand laws  controlling  the  prices  of  commodities  as  in  Eng- 
land and  in  Massachusetts  two  or  three  centuries  ago. 
Unquestionably  the  right  in  law  exists. 

The  only  question,  therefore,  for  consideration  is  that  of  Expediency 
expediency.     The  greater  part  of  the  anthracite  of  Penn-  pf^egulat- 

r-  ^  o  f  jjjg  price  of 

sylvania  is  controlled  by  a  few  corporations  and  between  anthracite, 
them  there  is  a  close  community  of  interest.  If  these  cor- 
porations so  administer  their  trust  that  it  is  unnecessary  to 
pass  laws  to  protect  the  public  against  extortion,  this  should 
not  be  done;  but  if  on  the  other  hand  they  administer  their 
trust  with  reference  to  this  great  resource  which  it  took  the 
building  of  the  world  to  make,  and  which  is  needed  by  many 
millions  of  people  in  this  country,  so  as  to  impose  extortion 
upon  them,  then  laws  should  be  passed  regulating  the  busi- 
ness of  these  corporations. 

It  is  not  for  me  to  say  what  form  such  regulations  should 
take;  but  it  is  clear  that  the  power  rests  in  the  states  and 
the  United  States  to  control  them,  even  to  the  extent  of 
regulating  the  prices  of  the  anthracite  either  directly  or 
through  commission,  if  this  is  the  most  expedient  method  of 
accomplishing  the  result. 

It  is  understood  that  the  efforts  in  the  past  to  regulate 
prices  by  legislation  in  England  and  America  were  not  very 
successful.     If  it  were  thought  expedient  to  regulate  the 
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prices  of  other  commodities  as  are  the  prices  of  articles  fur- 
nished by  public  utilities,  probably  this  could  best  be  accom- 
plished by  putting  upon  the  corporations  concerned  the  duty 
of  fixing  the  prices  and  giving  a  commission  the  power  to 
readjust  them  upon  complaint  and  investigation,  or  by  fixing 
a  maximum  price.  Certainly  it  is  very  doubtful  whether 
a  legislature  can  wisely  fix  the  price  of  any  article;  the 
conditions  change  from  time  to  time;  prices  need  to  be  fre- 
quently adjusted.  Not  only  so,  but  the  fixing  of  a  price, 
even  of  a  maximum  one,  at  any  time  requires  an  investiga- 
tion by  competent  experts.  Therefore  if  in  the  future  public 
control  develops  in  the  direction  of  regulating  prices  of 
anthracite  or  any  other  commodity,  the  experience  with  the 
prices  of  services  furnished  by  public  utilities  indicates  that 
this  should  be  done  through  an  expert  commission  under 
general  legislative  enactments. 

The  above  was  written  l)efore  the  Taft-Ballinger  bill  in 
reference  to  the  leasing  of  public  coal  lands  and  fixing  a 
maximum  price  on  the  product  was  presented  to  Congress. 
A  conservative  administration  now  indorses  the  principle 
that  private  interests  should  not  be  free  to  levy  such 
tribute  upon  the  people  as  they  may  determine  in  reference 
to  so  fundamental  a  necessity  as  coal. 


PEAT* 

Amount  The  next  of  the  fuel  resources  of  which  I  shall  speak  is 

o  peat.  peat.  Peat  is  a  swamp  deposit  commonly  regarded  as  re- 
sulting from  the  partial  decomposition  of  moss,  and  especially 
of  that  kind  called  sphagnum.  In  Europe  there  are  mined 
something  like  10,000,000  tons  of  peat  per  annum.  In  the 
United  States  as  yet  peat  has  been  very  little  used,  but 
Charles  A.  Davis,  of  the  United  States  Geological  Siu^ey, 
has  made  a  reconnaissance  of  our  peat  reserves.  He  states 
that  there  are  11,000  square  miles  in  the  glacial  regions  of 
the  northern  and  eastern  United  States,  and  in  Virginia, 

*  The  facts  concerning  peat  are  mainly  from  "Peat  Resources  of  the  United 
States,  Exclusive  of  Alaska,"  Charles  A.  Davis,  N.  C.  C.Vol.  Ill,  pp.  47&-482. 
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the  Carolinas,  and  Florida,  in  which  there  are  peat  deposits 
of  sufficient  thickness  to  be  of  commercial  value,  or  if  not 
at  present  of  commercial  value,  likely  to  have  a  commercial 
value  in  the  future.  He  estimates  that  these  areas  are 
capable  of  yielding  of  air-dried  peat  some  12,888,500,000 
tons,  or  more  than  the  total  amount  of  coal  yet  mined. 
Thus  peat  is  an  important  fuel  resource,  but  still  as  compared 
with  coal  it  is  very  subordinate,  since  this  amount  is  less 
than  one  half  of  one  per  cent  of  the  estimated  coal  of  the 
United  States;  and  it  must  be  remembered  also  that  peat 
is  less  efficient  as  a  heat  producer  than  coal.  Nevertheless, 
in  the  future,  peat  is  likely  to  be  used  as  a  fuel  in  the  home, 
as  a  source  of  producer  gas,  a  source  of  illuminating  gas, 
for  the  manufacture  of  charcoal,  as  a  filler  for  fertilizers, 
and  in  the  manufacture  of  papers,  packing  materials,  and 
possibly  as  a  source  of  the  fertilizer,  ammonium  sulphate. 

PETROLEUM ' 

The  known  fields  of  petroleum  in  the  United  States  aggre-  The 
gate  some  8450  square  miles.  These  are  localized  in  six  p^°oie* 
great  regions:  the  Appalachian,  Lima-Indiana,  Illinois, 
Kansas-Oklahoma,  Texas-Louisiana,  and  California.  The 
yields  in  the  past  have  averaged  from  1000  to  as  much  as 
10,000  barrels  per  acre.  The  estimated  quantity  of  petro- 
leum already  extracted  and  available  in  the  future  is  believed 
to  be  somewhere  between  10,000,000,000  and  25,000,000,000 
barrels,  with  possibly  15,000,000,000  barrels  of  42  gallons  as 
the  best  approximate  estimate  which  can  be  given  at  the 
present  time.  In  1908  there  were  179;572,479  barrels  of 
this  product  produced;  and  the  product  of  1909  is  estimated 
by  Day  at  somewhere  between  173,000,000  and  178,000,000 
barrels.  The  total  product  to  the  end  of  1909  has  been 
about  2,155,000,000  barrels. 

It  thus  appears  that  there  remains  to  be  taken  from  the  Rapid 
ground  somewhere  from  eight  to  ten  times  as  much  petroleum  ^^^^^^^^^0° 

1  The  facts  given  in  reference  to  petroleum  are  mainly  from  Day,  "The 
Petroleum  Resourcea  of  the  United  States,"  N.  C.  C,  Vol.  Ill,  pp.  446-464. 


48     CONSERVATION   OF  NATURAL  RESOURCES 


Decreased 
production 
of  oil 
wells. 


Life  of 
petroleum. 


as  has  yet  been  extracted.  But  the  rate  of  increase  of  ex- 
traction has  been  going  up  very  rapidly,  so  that  since  1860 
the  product  of  any  nine  years  has  been  equal  to  the  entire 
previous  output.  Putting  it  another  way,  at  the  end  of  this 
year,  1909,  the  output  of  petroleum  for  the  nine  years  of 
this  twentieth  century  was  between  1,155,000,000  and 
1,160,000,000  barrels,  or  more  than  50  per  cent  of  the  entire 
output  of  the  country  since  oil  began  to  be  taken*  from  the 
ground.  Thus,  the  acceleration  in  the  production  of  petro- 
leum is  continuing  at  an  astonishing  rate.  This  has  occurred 
notwithstanding  the  fact  that  the  production  of  old  petroleum 
fields  is  rapidly  declining. 

The  increased  production  has  been  possible  because  as  old 
fields  have  declined  in  their  output  new  fields  have  been 
discovered,  but  this  situation  cannot  be  expected  to  continue 
long.  Illustrating  the  decline  of  old  fields,  are  Pennsylvania 
and  New  York,  in  which  during  the  past  seventeen  years 
the  product  has  been  reduced  one  third  from  the  greatest 
output.  The  production  of  West  Virginia  has  declined  56 
per  cent  from  its  maximum  output.  But  these  numbers 
give  no  idea  of  the  real  situation.  The  daily  production 
per  well  in  the  Appalachian  field  has  fallen  from  207  barrels 
in  1861  to  1.73  barrels  in  1907.  The  output  of  Pennsylvania 
has  been  kept  up  to  from  one  half  to  two  thirds  of  the  maxi- 
mum only  by  an  enormous  increase  in  the  number  of  wells. 

If  we  suppose  that  we  know  the  present  fields  of  the  United 
States  and  the  present  rate  of  increased  exploitation  should 
continue,  the  petroleum  would  be  exhausted  by  about  1935; 
and  if  the  present  production  goes  on  with  no  increase,  the 
product  would  be  exhausted  in  about  ninety  years. 

The  question  thus  arises  as  to  what  should  be  done  in 
order  to  diminish  the  output  of  this  product  and  thus  make 
petroleum  last  as  long  as  possible,  since  under  the  most 
favorable  circumstances  the  time  it  will  be  available  will  be 
very  short  as  compared  with  the  future  of  the  nation. 

At  the  present  time  petroleum  is  used  for  lubricating 
purposes,  for  light,  for  power;  and  also  there  are  derived 
from  it  many  valuable  by-products.     It  is  clear  that  petro- 
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leum  should  be  used  only  for  those  purposes  for  which  it  is 
best  adapted,  and  so  far  as  other  things  can  be  substituted 
for  it,  this  should  be  done. 

First,  petroleum  should  be  used  for  lubricating  purposes. 
So  far  as  we  can  see  there  is  no  adequate  substitute  for 
petroleum  as  a  lubricant.  With  the  stupendous  recent 
development  of  the  manufacturing  industries,  the  amount 
of  lubricant  required  is  very  large.  It  is  to  be  remembered 
in  this  connection  that  the  great  modem  industrial  expan- 
sion has  been  synchronous  with  the  discovery  and  exploita- 
tion of  petroleum.  Lubricants,  from  the  finest  quality,  such 
as  that  used  in  watches,  to  the  coarser  varieties,  such  as  that 
used  in  heavy  machinery  and  railroad  trains,  are  absolutely 
necessary;  and  as  yet  we  know  of  no  other  adequate  source 
for  this  material.  This  product  should  be  conserved  as  long  as 
possible  in  order  that  lubricating  material  may  be  available. 

The  use  of  petroleum  to  produce  light  should  doubtless 
be  continued.  It  is  especially  adapted  to  this  purpose  in 
villages,  on  farms,  etc.  But  the  necessity  for  petroleum  for 
light  is  not  so  great  as  for  lubricating  purposes.  Even  in 
isolated  houses  light  of  a  highly  desirable  quality  may  be 
cheaply  produced  by  the  use  of  acetylene,  derived  from 
carbide  of  calcium,  a  product  manufactured  from  coal  and 
limestone  through  the  use  of  water  power. 

In  1907,  35,000,000  barrels  of  petroleum,  or  between  one 
fourth  to  one  fifth  of  the  amount  taken  out  of  the  ground, 
was  used  for  power.  For  the  production  of  power  in  a  large 
way  it  is  clear  that  coal  and  water  should  be  substituted  for 
petroleum,  so  far  as  a  kind  is  used  adapted  to  a  higher  pur- 
pose. One  should  perhaps  not  go  so  far  in  this  matter  as  to 
suggest  that  power  should  not  be  developed  in  small  instal- 
lations by  petroleum;  but  certainly  it  is  the  case  that  the 
use  in  large  quantities  of  petroleum  adapted  to  produce  light 
for  power  production  through  the  steam  boiler  cannot  be 
defended  from  the  point  of  view  of  conservation  and  the 
future  of  the  nation.  And  even  for  the  production  of  power 
in  the  small  installation  it  is  likely  that  in  the  future  alcohol 
will  be  largely  substituted  for  p>etroleum,  since  alcohol  may 
be  made  through  the  indefinite  future. 
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Fig.  4. — The  annual  production  of  petroleum  from  1859  to  1908,  after  Day. 
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At  the  present  time  more  than  one  fifth  of  the  petroleum 
taken  from  the  ground  is  exported.  The  question  should  be 
raised  as  to  whether  exportation  of  a  product  which  is  likely 
to  last  so  short  a  time  should  be  permitted.  It  has  become 
almost  a  maxim  with  us  in  this  nation  that  the  thing  to  do 
is  to  develop  and  use  our  natural  resources  as  fast  as  pos- 
sible. In  general  the  men  who  have  taken  possession  of  and 
exploited  rapidly  our  resources,  have  been  commended  for 
developing  a  new  country.  This  view  has  had  a  certain 
justification  in  the  past,  but  the  time  for  preaching  such  a 
doctrine  in  this  country  has  now  passed.  With  reference  to 
each  of  our  natural  resources,  the  question  should  be  now 
asked  as  to  whether  it  is  wise  to  encourage  further  exploita- 
tion, or  on  the  contrary  to  reduce  the  draft  upon  the  prod- 
uct. It  seems  to  me  that  in  the  case  of  petroleum  the  an- 
swer is  clearly  that  not  only  should  an  increased  rate  of 
exploitation  cease,  but  a  decreased  rate  should  be  demanded. 
This  generation  should  leave  in  the  ground  as  much  petro- 
leum as  possible,  in  order  that  succeeding  generations  may 
have  the  advantage  of  this  most  valuable  product  for  those 
special  purposes  for  which  it  is  absolutely  necessary. 

There  is  little  question  that  if  the  good  of  the  country 
demands  it,  exportation  of  petroleum  may  be  prohibited. 
If  the  general  welfare  of  the  nation  demands  that  a  natural 
resource  be  retained  here  for  the  use  of  our  people.  Congress 
may  prohibit  its  exportation  under  the  clause  of  the  Con- 
stitution giving  that  body  power  to  regulate  interstate 
commerce. 

Therefore,  I  raise  the  question  if  laws  should  not  be  passed 
by  Congress  which  require  gradual  reduction  in  the  amoimt  of 
petroleum  which  may  be  exported,  perhaps  allowing,  the  first 
year  after  the  law  passes,  the  exportation  of  nine  tenths  as 
much  as  the  previous  year,  the  next  year  eight  tenths  as  much, 
and  each  year  one  tenth  less,  so  that  exportation  shall  cease 
altogether  at  the  end  of  ten  years.  Ten  years  for  the  change 
is  merely  suggested  as  illustrative,  as  showing  the  principle 
which  should  be  adopted.  I  would  not  advocate  the  radical 
procedure  of  stopping  all  exportation  of  petroleum  at  once; 
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but  gradually  and  yet  somewhat  quickly  the  exportation  of 
this  product  should  cease. 
With-  Since  the  output  of  petroleum  from  lands  privately  owned 

drawalof       jg  j^^^  more  than  adequate  for  all  legitimate  demands  of 
lands.  the  people  of  this  country,  all  public  petroleum  lands  shouKl 

at  once  be  withdrawn  from  private  entry  and  held  to  be 
operated  upon  the  lease  system  when  in  the  future  the  out- 
put from  lands  already  in  the  hands  of  private  parties  be- 
comes so  small  as  to  require  the  production  of  petroleum 
from  the  public  lands.  Under  President  Roosevelt's  and 
President  Taft's  administration,  oil  lands  have  l>een  with- 
drawn temporarily  from  private  entry  in  Colorado,  Wyo- 
ming, California,  Utah,  and  Oregon.  March  4,  1910,  the 
amount  of  such  land  was  3,487,076  acres. 

C.  W.  Hayes,  chief  geologist  of  the  United  States  Geo- 
logical Survey,  states  that  most  of  the  oil  lands  which  have 
passed  from  the  public  domain  have  been  entered  under  the 
placer  mining  law.  A  location  under  the  placer  law  is  valid 
if  based  upon  actual  discovery;  but  in  the  case  of  oil  there 
can  be  no  discovery  except  by  expensive  drilling.  Other 
methods  of  obtaining  oil  land  are  its  location  under  the 
guise  of  a  gypsum  claim,  or  for  agricultural  purposes. 

Mr.  Hayes  calls  attention  to  the  fact  that  any  proper 
law  must  recognize  that  oil  is  mobile,  in  consequence  of 
which  it  may  pass  underground  from  lot  to  lot.  It  follows, 
therefore,  that  oil  should  be  disposed  of  only  as  a  com- 
modity, and  not  in  terms  of  acres  like  other  minerals.  This 
difference  is  so  plain  that  the  leasing  system  is  practically 
universal  on  oil  lands  which  are  in  private  lands.  It  is  clear 
that  it  will  be  equally  advantageous  for  the  government  to 
"adopt  the  plan  which  has  been  worked  out  through  long 
experience,  and,  where  the  holdings  are  sufficiently  large, 
found  thoroughly  satisfactory,  both  to  the  oil  operator  and 
to  the  private  landowner.  Why  should  not  the  govern- 
ment as  a  landowner  deal  directly  with  the  producer  rather 
than  through  the  intervention  of  a  middleman  to  whom 
title  to  the  land  has  passed?" 
These  views  are  embodied  in  a  bill  drawn  up  by  R.  A. 
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Ballinger,  Secretary  of  the  Interior,  and  approved  by  Presi-  Petroleum 
dent  Taft.  This  bill  as  submitted  to  Congress  authorizes  {^^3'^^^^*'' *'® 
the  withdrawal  of  all  petroleum  lands  from  sale,  and  con- 
tains among  other  provisions  the  following:  that  the  petro- 
leum lands  be  leased  in  tracts  of  not  more  than  320  acres 
each,  for  a  period  not  to  exceed  ten  years,  but  with  authority 
to  renew  for  periods  of  five  years,  the  royalty  for  the  first 
lease  not  to  exceed  15  per  cent  of  the  gross  value  of  the 
output  at  the  point  of  production,  with  a  yearly  rental  upon 
the  land,  the  same  however  to  apply  on  the  royalty.  This 
act  also  directs  the  lease  to  ''fix  the  maximum  prices  or  rates 
beyond  which  the  lessee  shall  not  charge  the  public"  for  oil. 

By  the  various  steps  proposed,  the  substitution  of  other  Future 
products  than  petroleum  for  power,  prohibition  of  exporta-  g^r  leum 
tion,  and  the  retention  by  the  government  of  its  public 
petroleum  lands,  it  is  probable  that  this  material  will  be 
available  for  its  most  essential  purposes  for  a  much  longer 
time  than  ninety  years ;  we  may  perhaps  hope  several  times 
ninety  years.  But  looking  at  the  matter  from  any  point  of 
view,  in  the  not  distant  future  there  is  likely  to  be  a  severe 
shortage  in  petroleum,  and  especially  in  material  for  lubri- 
cating purposes. 


NATURAL    GAS» 

Natural  gas  is  the  most  perfect  form  of  fuel  which  nature  Natural 
has  furnished  us;  it  is  indeed  the  ideal  fuel.  This  becomes  ^^^^^  ®^ 
evident  when  it  is  recalled  that  the  best  known  way  to  pro- 
duce power  from  coal  is  to  transform  it  into  ''producer" 
gas,  before  it  is  burned  to  produce  energy  either  below  the 
steam  boiler  or  in  the  combustion  engine.  This  is  true, 
although  the  manufactured  gas  used  for  power  is  mixed 
with  much  inert  nitrogen.  The  natural  product  is  practi- 
cally free  from  the  element  nitrogen,  and  thus  has  a  much 
higher  ejfficiency  than  producer  gas. 

^  The  data  for  thia  section  are  mainly  from  "Natural  Gas  Resources  of 
the  United  States,"  David  T.  Day,  N.  C C,  Vol.  Ill,  pp.  465-475,  and  the 
papers  and  reports  of  Professor  I.  C.  White, 
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The  United  States  is  blessed  with  greater  fields  of  natural 
gas  than  any  other  country.  The  aggregate  is  something 
like  10,000  square  miles,  which  is  distributed  over  twenty 
states,  including  eastern,  southern  and  western  states. 

According  to  Hill,'  the  production  of  natural  gas  has  gone 
through  several  cycles.  "It  rose  rapidly  from  a  value  of 
$215,000  in  1882  to  $22,629,875  in  1888,  fell  gradually  in 
the  next  eight  years  to  $13,002,512  in  1896,  a  little  more 
than  doubled  in  five  years  to  $27,066,077  in  1901,  a  little 
more  than  doubled  again  in  the  next  six  years  to  $54,222,399 
in  1907."  The  output  in  1907  was  406,622,119,000  cubic  feet 
and  in  1908,  402,140,730,000,  a  slight  falling  off. 

It  is  impossible  accurately  to  estimate  the  amount  or  the 
future  life  of  natural  gas,  but  it  is  certain  to  be  short.  Ac- 
cording to  Day  it  cannot  be  expected  that  it  will  last  for 
more  than  twenty-five  years.  That  the  supply  of  natural 
gas  will  not  last  long  is  shown  by  the  fact  that  the  older 
wells  have  been  exhausted  and  others  are  yielding  a  diminish- 
ing flow.  Not  only  is  this  so,  but  whole  districts  have  been 
practically  exhausted  in  a  score  of  years  or  a  few  decades. 
Only  a  few  years  ago  from  the  gas  fields  of  Indiana  great 
quantities  of  natural  gas  were  piped  into  the  city  of  Chicago 
to  be  used  for  manufacturing  and  for  heating  purposes. 
The  supply  has  gone  down  until  the  amount  which  comes 
into  that  city  at  present  from  this  source  is  insignificant. 


WASTE  OP   NATURAL  GAS 

Notwithstanding  the  extreme  value  of  natural  gas  as  a 
fuel,  notwithstanding  that  it  is  the  most  perfect  product 
for  this  purjwse,  notwithstanding  that  it  is  severely  limited 
in  quantity,  there  is  no  natural  resource  which  has  been  so 
carelessly  used  and  recklessly  wasted  by  the  American 
people  as  this  one. 

Natural  gas  has  also  been  used  extensively  in  an  un- 
economic way.     Thus  it  has  been  used  for  the  production  of 

»  "Natural  Gas,"  by  B.  Hm,  "Mineral  Resources  of  the  United  State*," 
Part  II,  Non-metallic  Products,  1908,  U.  S.  Geol.  Survey,  p.  317. 
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power  through  steam.  A  much  more  economical  use  of 
natural  gas  for  power  is  in  the  combustion  engine  as  an 
explosive  mixture  with  air.  If  there  is  economy  in  making 
power  by  transforming  coal  into  gas  for  the  combustion 
engine,  then  certainly  a  product  which  is  in  the  form  of 
gas  to  begin  with,  so  far  as  it  is  to  be  used  for  power,  should 
be  in  such  an  engine.  By  the  use  of  natural  gas  in  the  gas 
engine  for  power  instead  of  under  a  boiler,  it  is  estimated 
that  its  efficiency  will  be  increased  twofold  or  threefold. 

The  uneconomical  use  of  natural  gas  has  been  relatively 
unimportant  as  compared  with  its  absolute  waste.  This 
waste  has  been  going  on  for  many  years,  indeed  since  the 
first  discovery  of  the  product.  The  waste  has  occurred  in 
various  ways :  — 

First,  there  has  been  much  loss  from  high  pressure  wells. 
In  the  early  days  of  the  use  of  natural  gas,  when  bores  reached 
the  reservoirs  of  the  material,  sometimes  the  pressure  was  so 
great  that  the  drillers  did  not  know  what  to  do,  and  they 
were  not  able  to  cap  the  wells.  But  methods  have  now  been 
developed  so  that  the  greatest  pressure  may  be  controlled. 

Often  there  has  been  complete  indifference  in  reference  to  Waste  of 
the  waste  of  natural  gas.  Many  bores  have  been  made  ^^^^^^^e^s 
into  the  gas  reservoirs  in  exploration  for  oil ;  and  often,  if  oil  wells, 
was  not  found,  the  wells  were  lighted  and  allowed  to  flame 
heavenward  in  the  open  air.  In  some  cases  a  well  has 
been  thus  allowed  to  burn  for  twenty  years.  At  some 
burning  wells  the  rock  outside  of  the  casing  has  sunk  and 
the  gas  has  escaped  not  only  through  the  tube,  but  over 
a  considerable  area.  Thus  have  been  produced  burning 
caldrons  of  gas,  —  ^' giant  flambeau."  This  situation  is  well 
illustrated  by  Louisiana.  In  that  state  some  of  the  wells 
have  been  allowed  to  burn  until  the  rock  has  caved  so  ex- 
tensively as  to  have  become  veritable  flaming  lakes.  The 
largest  may  be  seen  by  night  a  score  of  miles  away  illuminat- 
ing the  sky.  It  is  estimated  that  in  the  Caddo  field  alone 
of  that  state  some  70,000,000  cubic  feet  per  day  of  gas  are 
wasted,  burned  without  doing  any  good  in  any  way  to  any- 
body.   This  is  suflacient  to  light  ten  cities  the  size  of  Wash- 
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ington,  or  is  equivalent  to  the  daily  waste  of  10,000  barrels 
of  petroleum.  And  this  is  going  on  year  by  year  with  no 
attempt  whatever  upon  the  part  of  the  state  of  Louisiana  to 
stop  this  enormous  loss. 

Another  of  the  inexcusable  and  vast  wastes  of  natural  gas 
has  been  in  connection  with  oil  wells.  Nearly  all  oil  wells  are 
also  gas  wells;  but  frequently  the  oil  producer  has  not  cared 
for  the  gas,  and  so  he  has  allowed  it  to  escape  into  the  air 
without  any  attempt  to  utilize  it.  Not  only  so,  but  he  has 
successfully  resisted  all  laws  which  have  been  attempted  to 
be  passed  to  prevent  this  practice,  save  in  a  single  state. 

In  addition  to  the  great  waste  in  natural  gas  at  the  well, 
there  has  been  large  loss  in  transmission.  Many  of  the 
pipes  through  which  the  gas  is  carried  are  carelessly  con- 
structed, and  there  is  much  leakage  from  the  joints;  this 
is  a  loss  which  can  be  made  wholly  preventable. 

A  decision  of  the  United  States  Supreme  Court  (see  p. 
363)  holds  that  no  one  has  the  right  to  waste  a  natural  prod- 
uct; and  there  is  no  question  that  the  above  objectionable 
practices  may  be  prevented  by  law.  Indeed,  this  has  been 
done  in  the  state  of  Indiana,  where  in  1891  there  was  enacted 
a  broad  law,  providing  for  a  gas  inspector,  whose  duty  it  is 
to  prevent  leakage  in  pipes,  decide  upon  the  kind  of  pipes 
which  may  be  used  and  the  pressure  they  may  carry,  to  pro- 
vide for  plugging  of  wells  when  not  in  use,  plugging  of  aban- 
doned wells,  and  for  the  prevention  of  waste  of  gas  while 
extracting  other  products.  This  comprehensive  law  has  been 
upheld  by  the  highest  state  courts. 

It  has  been  seen  that  in  1907  there  were  utilized  some 
400,000,000,000  cubic  feet  of  natural  gas.  Dr.  Day  places 
the  waste  of  this  material  at  an  equal  amount.  Professor 
I.  C.  White  of  West  Virginia,  says:  "At  this  very  minute  our 
unrivaled  fuel  is  passing  into  the  air  from  uncontrolled  gas 
wells,  from  oil  wells,  from  giant  flambeaus,  from  leaking  pipe 
lines,  and  the  many  other  methods  of  waste  at  the  rate  of  not 
less  than  1,000,000,000  cubic  feet  daily  and  probably  much 
more."  *'The  heating  value  of  1,000,000,000  cubic  feet  of 
naturd  gas  is  roughly  equivalent  to  that  of  1,000,000  busheU 


THE  MINERAL  RESOURCES  59 

of  coal.  What  an  appalling  record  to  transmit  to  posterity!" 
Professor  White  further  states  that  the  waste  of  gas  in  West 
Virginia  is  equivalent  to  the  waste  of  coal,  if,  at  the  rate  of  a 
car  a  minute,  "not  for  one  week  only,  or  for  one  month,  but 
for  twenty  years,  a  forty-five  ton  car  of  coal  had  been  dumped 
into  an  abyss  from  which  it  could  never  be  recovered." 

For  some  reason  it  has  been  impossible  in  other  states  than  Difficulty 
Indiana  to  secure  effective  legislation  to  stop  the  enormous  J^w^agSnat 
waste  of  natural  gas.  Year  after  year  laws  have  been  intro-  waste, 
duced  for  this  purpose  in  the  various  states  but  without 
avail.  The  situation  may  be  illustrated  by  West  Virginia. 
Professor  I.  C.  White,  state  geologist,  said  in  a  recent  address: 
"For  ten  years  your  speaker  has  appealed  in  his  official 
capacity  as  State  Geologist  to  the  Legislature  of  West  Vir- 
ginia to  put  some  check  on  this  frightful  waste  of  our  State's 
most  valuable  resource.  Three  patriotic  Governors,  includ- 
ing our  present  able  Executive,  Governor  Dawson,  have  in 
every  biennial  message  besought  the  Legislative  branch  to 
end  this  criminal  destruction  by  appropriate  legislation; 
but  some  unseen  power  greater  than  Governor  or  Legislature 
has  so  far  thwarted  and  palsied  every  effort  to  save  to  the 
State  and  the  Nation  this  priceless  heritage  of  fuel,  so  that 
although  five  successive  Legislatures  have  attempted  to  deal 
with  the  question  in  biennial  sessions,  not  an  effective  line 
has  yet  been  added  to  the  statutes  —  and  at  this  very  hour 
not  less  than  250,000,000  cubic  feet  of  gas,  and  possibly 
more  than  double  that  quantity,  is  daily  being  wasted  in 
this  one  State  alone,  80  per  cent  of  which  is  easily  and 
cheaply  preventable."  Further,  according  to  Professor 
White,  nine  tenths  of  the  waste  of  the  gas  in  West  Virginia 
is  in  connection  with  the  oil  industry.  This  is  probably  a 
larger  proportion  than  for  the  country  as  a  whole,  but  the 
gas  lost  in  connection  with  petroleum  amounts  to  one  half, 
and  possibly  75  per  cent,  of  the  total  waste.  This  loss 
occurs  because  with  few  exceptions  the  operators  for  oil  per- 
mit the  accompanying  gas  to  escape  into  the  air  without 
separating  the  two.  This  is  perfectly  feasible,  and  if  done 
the  gas  as  well  as  the  oil  could  be  utilized. 
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Oa  opera- 
tors re- 
sponsible 
for  waste. 


Waste 
of  gaa 
reflection 
on  our 
intelligence. 


Necessity 
for  im- 
mediate 
action. 


The  various  oil  operators  are  responsible  in  this  matter 
in  proportion  to  the  product  which  they  take  out.  All  alike 
should  be  compelled  by  law  to  save  and  utilize  the  gas  which 
comes  from  the  ground  with  the  oil. 

Of  all  the  pieces  of  extravagance  of  which  the  American 
people  have  been  guilty,  perhapw  their  reckless  and  wasteful 
use  of  natural  gas  is  the  most  striking  —  not  the  most  im- 
portant—  but  the  most  striking.  This  product,  severely 
limited  in  quantity,  which  can  last  only  a  few  years  at  most, 
has  been  handled  by  us  as  if  it  were  illimitable.  No  serious 
attempt  has  been  made  in  any  other  state  than  Indiana  to 
control  the  awful  waste  which  has  been  described. 

Of  the  various  episodes  of  wanton  extravagance  in  the 
waste  of  our  natural  resources,  this  of  natural  gas  is  least 
favorable  to  our  intelligence.  We  hear  of  American  prog- 
ress; we  hear  of  the  position  America  has  taken  in  the  his- 
tory of  the  world;  we  proudly  boast  of  our  leadership;  and 
yet  in  wasting  our  resources  we  have  been  guilty  of  more 
stupendous  folly  than  any  other  people  in  the  civilized 
world.  How  long  shall  this  waste  be  continued?  How  long 
shall  there  be  allowed  to  escape  into  the  air  daily  a  billion  of 
feet  of  natural  gas? 

Certain  it  is  that  if  we  wait  another  score  of  years  before 
effectively  handhng  the  question  of  this  waste,  there  will  be 
no  necessity  for  handling  it  at  all.  For  if  past  practice  is 
continued,  the  amount  of  natural  gas  which  will  be  avail- 
able at  the  end  of  another  twenty  years  will  scarcely  be 
worth  consideration.  Immediate  action  on  the  part  of 
legislatures  is  required  in  all  those  states  producing  this 
material.  Every  session  gone  by  without  action  represents 
a  great  and  irreparable  loss.  It  stands  as  evidence  that 
one  more  legislature  has  been  incompetent  to  administer 
the  trust  that  is  imposed  upon  it  by  the  people. 

Secretary  of  the  Interior  Ballinger,  with  the  approval  of 
President  Taft,  has  presented  a  bill  to  Congress  authorizing 
the  withdrawal  from  sale  of  all  natural  gas  lands  and  the 
leasing  of  the  same  on  terms  identical  with  those  which 
obtain  in  reference  to  petroleum.     (See  pp.  54,  55.) 
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CONCLUDING  STATEMENT 

In  conclusion,  with  reference  to  coal,  peat,  petroleum, 
and  natural  gas,  once  extracted  from  the  ground,  they  are 
soon  used;  and  once  used  they  are  destroyed  forever.  There- 
fore the  problem  of  conservation  with  reference  to  these 
mineral  resources  is  slow  extraction  and  economical  use, 
reducing  the  amount  drawn  upon  to  the  minimum  absolutely 
necessary.  As  far  as  possible,  substitutes  for  the  mineral 
fuels  should  be  used,  so  that  these  products  may  last  long 
into  the  future  in  order  that  a  large  number  of  succeeding  gen- 
erations may  have  their  fair  share  of  this  precious  heritage. 


THE  METALLIC  RESOURCES 

The  principle  of  conservation  in  reference  to    metallic  Conserva- 
resources  is  very  different  from  that  in  reference  to  fuel.  *^°.^  .  , 

•^  principle 

The  ores  of  the  metals  when  taken  from  the  ground  and  applicable 
reduced  to  the  metallic  form  are  capitahzed.  Two  tons  of  ^  ^letals. 
iron  ore  in  the  ground  capable  of  producing  one  ton  of 
metallic  iron  are  less  valuable  as  ore  than  as  metallic  iron. 
Therefore  in  taking  the  ores  from  the  ground  and  transform- 
ing them  to  the  metallic  state,  we  are  performing  a  service 
to  mankind.  We  are  doing  a  thing  analogous  to  building 
bridges  and  making  cities;  we  are  taking  a  natural  resource 
and  transforming  it  to  a  more  valuable  product;  so  far  as 
this  is  accomplished  it  is  of  advantage  to  man. 

After   the  metals   are  once   extracted,   we   should   keep  Metals 
them  as  nearly  intact  as  possible,  use  them  over  and  over  should  be 

•  1  11  1    T     •        •  ^^®^  many 

and  over  agam,  reduce  the  losses  by  wear  and  dissipation  to  times, 
a  minimum.     It  is  doubtless  true  that  some  gold  now  in  cir- 
culation was  mined  centuries  ago.     It  is  reported  that  there 
exists  at  Delhi,  India,  an  iron  monument  which  was  manu- 
factured before  the  earliest  written  history  of  that  country. 
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Thus  it  is  plain  that  the  metals  may  be  preserved;  they 
may  be  kept  indefinitely  after  they  are  once  reduced;  this 
is  the  problem  of  conservation  of  the  metals. 

Classification  op  the  Metals 

For  the  purposes  of  conservation  the  metals  may  be 

divided  into   two  classes,   those  that   are   im]X)rtant,   and 

those  that  are  subordinate.    This  is  an  entirely  different 

.    classification  from  a  chemical  or  geological  one.     It  is  a 

classification  based  on  usefulness. 

The  first  group,  the  important  metals,  include  iron,  copper, 
lead,  zinc,  gold,  and  silver.  The  second  group,  the  sub- 
ordinate metals,  include  aluminum,  manganese,  chromium, 
nickel,  cobalt,  tin,  platinum,  mercury,  vanadium,  timgsten. 
The  other  metals  are  so  subordinate  in  importance,  at  least 
for  use  in  the  metallic  form,  that  they  are  neglected. 

Each  of  the  important  metals  will  be  separately  considered. 

IRON 

Iron  the  Of  all  of  the  metals,  iron  is  the  most  important.    Indeed, 

porta™        ^*  i^  certain  that  with  the  present  practices  of  the  world  we 
of  the  could   better  spare  all  the  other  metals  than  iron.     Fre- 

™^    ^'  quently  the  idea  is  held   that  the  thing  is  most  valuable 

which  is  dearest;  but  on  the  contrary,  those  useful  things 
which  are  cheap  ancl  abundant  are  those  most  valuable  to 
civilization.  For  instance,  soil,  which  is  far  more  abundant 
and  cheaper  than  fuel  or  any  metal,  is  the  most  valuable  of 
om*  resources.  Therefore  iron,  because  the  most  abundant 
of  the  metals  which  can  readily  be  reduced  to  the  metallic 
form  and  possessing  the  essential  qualities  of  strength,  duc- 
tility, and  flexibihty,  is  the  most  valuable  of  the  metals. 
Iron  furnishes  us  road  metal  for  railways,  steel  for  bridges 
and  buildings,  reenforcement  for  concrete,  material  for  all 
kinds  of  machinery  and  implements.  For  certain  purposes 
where  extraordinary  strength  or  toughness  or  some  special 
quality  is  required,  iron  is  advantageously  alloyed  with  other 
metals,  such  as  nickel,  manganese,  vanadium,  or  tungsten. 
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Next  to  coal,  iron  is  clearly  the  most  important  of  the  sub- 
surface products. 

THE   IRON   ORE   RESOURCES 

In  giving  estimates  of  our  resources  of  iron  ore,  I  shall 
follow  the  statements  of  Dr.  C.  W.  Hayes,*  chief  geologist 
of  the  Geological  Survey,  who  with  collaborators,  engineers, 
and  geologists,  has  recently  published  a  careful  analysis  of 
our  iron  ore  reserves.  He  believes  that  for  something  like 
85  per  cent  his  estimates  are  within  15  or  20  per  cent  of 
being  right.  For  the  remaining  15  per  cent  he  thinks  that 
his  estimates  are  not  closer  than  100  to  200  per  cent.  If  he 
is  correct  in  his  conclusions,  we  probably  know  within  a 
factor  of  error  of  one-quarter  in  reference  to  our  supplies  of 
iron  ore. 

For  the  purposes  of  conservation  the  ores  may  be  classified  Available 
into  two  divisions,  those  which  are  available  under  present  ^^^.,"^: 

available 

conditions,  and  those  which  will  become  available  eventually,  iron  ores. 

By  available  ores  are  meant  those  which  are  of  such  a 
character  and  in  such  a  position  in  reference  to  commercial 
demands,  transportation,  contiguity  to  coal,  etc.,  as  to  be 
exploitable  with  profit  either  now  or  in  the  near  future.  As 
showing  the  importance  of  location  it  will  be  readily  appre- 
ciated that  an  ore  which  might  be  very  valuable  under  present 
conditions,  if  located  in  Pennsylvania,  would  be  wholly  un- 
available at  present  if  located  in  New  Mexico.  Since,  how- 
ever, it  is  impracticable  in  a  classification  of  the  ores  upon 
the  basis  of  availability  to  take  all  of  these  factors  into 
account,  the  division  into  available  and  unavailable  is  upon 
the  basis  of  composition  only.  In  considering  the  com- 
position there  are  two  factors,  the  percentage  of  iron,  and 
the  character  of  the  associated  material,  or  gangue.  Iron 
ores  are  of  two  general  characters  with  reference  to  the  asso- 
ciated material,  those  in  which  it  is  calcareous  and  those  in 

1  "Iron Ore  of  the  United  States,"  C.  W.  Hayes,  N.  C.  C,  Vol.  Ill,  pp.  483- 
620.  See  also  "  The  Production  of  Iron  Ores,  Pig  Iron,  and  Steel  in  1908  "  by 
E.  C.  Harder,  Bull.  U.  S.  Geol.  Survey,  Mineral  Resources  of  the  U.  S.  for 
1908. 
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which  it  is  silicious;  that  is,  ores  in  which  associated  with 
the  iron  compounds  is  calcium  carbonate,  or  limestone,  and 
those  in  which  the  associated  material  is  silica  or  quartz. 
The  calcareous,  ores  ^re  available  with  a  smaller  percentage 
of  iron  than  the  silicious  ores.  Those  having  as  the  gangue 
material,  calcium  carbonate  or  limestone,  are  regarded  as 
available  if  they  contain  as  much  as  30  per  cent  of  metallic 
iron.  The  silicious  ores  are  regarded  as  available  if  they 
contain  as  much  as  50  per  cent  metalHc  iron.  The  avail- 
able ores  are  given  upon  this  basis.  It  is  believed  that  in 
the  future  the  calcareous  ores  will  be  available  if  they  contain 
as  much  as  20  per  cent  metallic  iron,  and  the  silicious  ores 
if  they  contain  as  much  as  35  per  cent  metallic  iron. 

Using  these  data  as  a  basis.  Dr.  Hayes  estimates  the  iron 
ore  suppHes  as  follows:  available  ores,  4,788,150,000  long 
tons;  low  grade  ores,  those  not  now  available  under  exist- 
ing conditions,  but  which  may  become  available  in  the 
future,  approximately  75,116,070,000  long  tons. 

The  distribution  of  these  amounts  in  the  different  parts  of 
the  country  is  shown  by  the  following  table. 

Tablb  bhowxho  DwnuBunoN  or  Ibom  Obm 

CoiniKRciAL  Districts  AvAXUiBLB  Nor  ATAZiJiBLa 

Long  tons  Long  tons 

1.  Northeastern 298,000.000  1,095.000.000 

2.  Southeastern 538,440,000  1,276,500,000 

3.  Lake  Superior 3.510,000.000  72,030.000,000 

4.  Mississippi  VaUey 315,000,000  570,000,000 

5.  Rocky  Mountain 57.760,000  120,665,000 

6.  Pacific  Slope       68,950.000  23,905,000 

Total 4.788,150,000     75.116.070.000 


Available 
iron  ores 
mainly 
in  Lake 
Superior 
region. 


These  figures  show  that  of  the  total  available  iron  ore  of 
the  United  States  almost  three  fourths  is  in  the  Lake  Su- 
perior region.  Since  the  Lake  Superior  ores  contain  a  higher 
iron  content  than  the  average  for  the  remainder  of  the 
country,  more  than  three  fourths  of  the  metallic  iron  of  the 
available  ores  is  in  that  region.  Also  it  is  to  be  noted  that 
of  the  iron  ore  reserves  which   are  likely  to  be  available 
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in  the  future,  the  great  preponderating  mass,  more  than 
72,000,000,000  tons,  is  in  the  Lake  Superior  region;  whereas 
in  all  of  the  remainder  of  the  United  States  there  are  not 
known  much  more  than  3,000,000,000  tons  of  the  low  grade 
ore.  It  is  therefore  clear  that  the  great  center  with  refer- 
ence to  iron  ore  exploitation  in  the  United  States  is  the 
Lake  Superior  region;  and  this  is  so  whether  the  matter  be 
looked  at  from  the  point  of  view  of  the  ores  which  are  avail- 
able at  the  present  time  or  those  available  in  the  future. 

Of  the  available  ores  of  the  country,  it  is  certain  that  the 
United  States  Steel  Corporation  owns  more  than  50  per 
cent,  and  some  estimates  place  the  holdings  of  the  company 
as  high  as  75  per  cent. 

In  considering  the  ore  reserves  which  may  be  drawn  upon  Iron  ores 
by  this  country  we  should  perhaps  take  into  account  adja-  ^^^ot^^^ 
cent  countries,  and  especially  Canada,  Cuba,  and  Brazil, 
where  it  is  estimated  there  are  considerable  quantities  of  iron 
ore,  some  of  which  is  being  exported  into  the  United  States 
at  the  present  time.  The  Canadian  geologists  estimate  that 
in  the  Canadian  region,  and  mainly  adjacent  to  Lake  Superior, 
there  are  some  20,000,000,000  tons  of  ore  which  will  ulti- 
mately be  available.  But  a  small  proportion  of  this  is  of  a 
character  to  be  available  under  present  conditions.  Prob- 
ably not  more  than  75,000,000  tons  of  such  material  is 
known.  Thus  the  Canadian  ores  mainly  belong  to  the 
class  available  in  the  future  rather  than  that  now  available. 
In  Cuba  it  is  estimated  that  there  is  some  3,000,000,000 
tons  of  known  ore,  of  which  approximately  one  half  is  avail- 
able under  existing  conditions.  In  Brazil  are  very  large 
deposits  of  high  grade  ore ;  but  no  estimate  of  the  ton- 
nage is  available. 

EXPLOITATION   OF   IRON   ORE 

In  the  exploitation  of  iron  ore  there  has  been  the  same 
astonishing  increase  as  in  the  exploitation  of  coal.  The 
United  States  was  not  a  producer  of  iron  ore  until  in  the 
nineteenth  century,  and  the  production  between  1810  and 
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1850  was  unimportant.  The  production  of  iron  ore  to  1869 
and  during  the  last  four  decades  is  shown  by  the  following 
table: — 

Production  of  Iron  Orb  in  the  United  States  from  1810  to 
1869,  AND  PROM  1870  TO  1909  bt  Decades,  estimated  from 
PiQ  Iron  Production 


Longtona 

Percentage  of  inci 

1810-1869      . 

49,656,000 

— 

1870-1879      . 

43,770.627 

— 

1880-1889      . 

.      91,043.854 

108.0 

1890-1899      . 

.     163,989.193 

80.1 

1900-1909      . 

.     386,857.102 

135.2 

Total       . 

735,316,676 

Of  the  total  production  of  iron  ore  of  the  United  States, 
from  1810  to  1909  inclusive,  460,986,042  tons,  or  con- 
siderably more  than  half,  came  from  the  Lake  Superior 
region.  Since  the  Lake  Superior  ores  are  of  considerably 
higher  grade  than  those  of  the  other  states,  the  amount 
of  iron  from  the  Lake  Superior  region  to  the  present 
time  is  more  than  two  thirds  of  the  total  produced  in  this 
country. 
Rapid  The  table  above  shows  that  before  1850  the  drafts  upon 

increase        Q^J.  jp^^   ^^^  ^^j.^  Small,  and  that  the  great  drafts  have 

in  iron  ^ 

ores  mined,  been  during  the  last  thirty  years.  The  rate  of  increase 
in  exploitation  has  been  so  rapid  that  during  the  decade 
ending  1909,  more  than  half,  52.6  per  cent,  of  all  of 
the  iron  ore  mined  in  the  United  States  was  extracted. 
Also  the  product  of  any  one  of  the  previous  three  decades 
is  equal  or  nearly  equal  to  the  product  of  all  previous 
decades. 

Not  only  has  there  been  a  great  absolute  increase  in  the 
production  of  iron  ore,  but  there  has  been  a  rapid  increase 
in  production  per  capita.  According  to  Harder  this  has 
been  as  follows:  in  1870,  180  pounds;  in  1880,  313  pounds; 
in  1890,  560  pounds;  in  1900,  806  pounds,  and  in  1907, 
1344  pounds.  Thus  the  amount  per  capita  in  1907  was 
more  than  seven  times  as  much  as  in  1870. 


Fig.  6.  —  Curves  showing  the  production  in  long  tons  of  iron  ore,  pig  iron,  and  steel  in 
the  United  States,  from  1870-1907,  after  Hayes. 


iron  ores. 
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Lifa  of  If  the  rate  of  increase  of  exploitation  of  iron  ores  of  the 

iron  ores.  three  past  decades  be  continued,  the  high  grade  ores  of  the 
United  States,  those  that  are  now  available,  would  be  ex- 
hausted in  about  three  decades  more.  However,  it  is  be- 
lieved that  high  grade  iron  ores  will  be  available  for  a  longer 
period  for  the  following  reasons:  — 

1.  Greater  care  will  be  taken  in  mining  ores.  In  the 
early  mining  of  iron  ore  a  considerable  portion  of  the  de- 
posits was  wasted;  only  the  high  grade  material  was  taken 
out;  large  quantities  were  left  as  pillars.  In  some  cases 
much  of  the  material  left  has  been  or  will  be  mined;  but  in 
other  cases  the  ground  has  caved  and  the  ore  left,  both 
that  of  moderately  high  grade  and  that  of  low  grade,  cannot 
be  profitably  won. 
Economy  The  iron  ore  deposits  in  the  Lake  Superior  region  have 

largely  passed  into  the  hands  of  great  corporations  who 
realize  fully  the  limited  supply  of  high  grade  product,  and 
therefore  are  handling  it  with  very  great  efficiency.  From 
many  of  the  great  deposits  of  the  Mesabi  Range,  the  over- 
Ijring  drift  is  stripped.  This  makes  it  unnecessary  to  lose 
any  ore  through  supporting  pillars.  Where  underground  min- 
ing is  necessary,  by  the  sinking  method,  which  is  somewhat 
complex,  and  into  the  details  of  which  I  cannot  go  here,  a  very 
large  percentage  of  the  product,  frequently  more  than  95 
per  cent,  is  taken  out,  so  that  the  waste  is  reduced  to  a 
minimum.  If  associated  with  the  high  grade  material  is 
low  grade  ore,  which  must  be  taken  out  but  cannot  now  be 
used,  it  is  stock  piled.  The  parts  of  the  deposits  in  which 
the  low  grade  ores  predominate  are  not  worked,  but  are 
left  as  a  solid  mass  to  be  handled  in  the  future.  Little 
legitimate  complaint  can  be  made  at  the  present  time  of  a 
lack  of  realization  of  responsibility  on  the  part  of  the  iron 
ore  owners  of  the  Lake  Superior  region.  To  a  considerable 
extent  the  same  thing  is  true  of  the  iron  ores  of  other  dis- 
tricts of  the  United  States,  although  in  these  regions  the 
mining  methods  have  not  been  developed  to  quite  the  ex- 
tent they  have  in  the  Lake  Superior  country.  According  to 
Harder  the  more  important  losses  are  in  the  bedded  de- 
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posits  which  are  mined  underground  and  especially  those  of 
Clinton  age.  Often  in  the  mining  of  these  ores  unneces- 
sarily large  pillars  are  left;  and  not  infrequently  two  con- 
tiguous beds  occur  separated  by  rock,  in  which  case  one 
bed  may  be  neglected.  Thus  with  the  Clinton  ores  the 
losses  are  of  the  same  kind  as  those  which  occur  in  the 
mining  of  coal.  Harder  estimates  the  recovery  of  this  class 
of  ores  to  vary  from  75  to  90  per  cent,  the  estimates  of 
reserves  being  upon  the  former  basis.  It  is  certain  that  by 
improved  methods  of  mining  the  recovery  may  be  increased 
to  the  higher  figure. 

;  2.  New  ore  deposits  will  be  discovered.  The  United  Discovery 
States  has  not  been  fully  explored  with  reference  to  iron  ?^  ^^^ 
ore.  It  has  been  the  fact  up  to  the  present  time  that  more  deposits, 
high  grade  ore  has  been  discovered  in  any  one  year  than 
has  been  extracted  that  year,  so  that  each  succeeding  esti- 
mate of  the  ore  reserves  has  been  an  increasing  and  not  a 
decreasing  amount.  In  Minnesota,  especially,  there  are 
large  areas  which  are  difficult  to  explore  and  which  are 
likely  to  contain  important  deposits.  In  Michigan  and 
Wisconsin,  also,  there  are  considerable  areas  to  be  explored 
in  which  ore  deposits  will  be  found.  However,  we  should 
not  take  too  sanguine  a  view  of  the  situation.  There  is  no 
reason  to  believe  that  the  ores  which  will  be  discovered  in 
the  future  are  anything  like  so  important  in  quantity  as 
those  which  have  been  already  discovered.  The  discoveries 
of  each  year  are  now  declining  and  it  will  not  be  many 
years  before  the  amount  exploited  will  exceed  the  amount 
mined;  and  when  this  time  comes,  the  known  reserves  will 
be  a  decreasing  amount. 

3.   Another  factor  which  will  extend  the  life  of  the  high  Substitution 
grade  ores  is  the  substitution  of  stone  and  cement  for  iron.  and*cement 
Early  in  the  history  of  this  country  the  great  majority  of  for  iron, 
the  bridges  were  largely  constructed  of  wood.     Then  there 
came  the  time  of  bridge-building  of  iron,  and  we  are  now 
turning  to  cement  and  stone  reenforced  with  iron.     The 
amount  of  iron  required  for  the  reenforcement  of  cement  is 
but  a  small  fraction  of  that  required  for  iron  bridges.     The 
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use  of  cement  and  stone  is  rapidly  increasing  also  in  build- 
ings and  in  other  structures.  Thus  in  various  ways  cement 
and  stone  may  be  substituted  for  iron;  this  should  be 
done  wherever  it  is  possible,  for  the  amount  of  these  ma- 
terials is  inexhaustible. 

It  should  be  stated,  upon  the  other  hand,  that  iron  is  now 
being  largely  introduced  in  the  manufacture  of  railway  cars 
and  other  articles  which  formerly  were  made  mainly  of 
wood.  The  substitution  of  iron  for  wood  during  the  coming 
decade,  or  coming  score  of  years,  will  make  a  very  large 
demand  upon  this  metal.  Iron  is  much  stronger  and  more 
permanent  than  wood;  also  the  danger  of  a  shortage  of 
wood  is  even  greater  than  that  of  a  shortage  of  iron;  so  that 
where  the  use  of  wood  can  be  decreased  by  the  substituting 
of  iron,  this  should  be  done.  It  is  a  step  in  the  direction  of 
the  conservation  of  our  resources. 

4.  It  is  to  be  noted  that  the  knowledge  of  the  limitation 
of  a  supply  has  an  effect  upon  its  price.  Indeed,  this  effect 
is  already  felt  in  the  case  of  iron  ore.  A  few  years  ago  when 
there  was  keen  competition  among  a  large  number  of  holders 
of  iron  ore  and  it  was  believed  that  the  ore  was  inexhaustible, 
the  prices  often  were  very  low.  But  since  the  iron  ore  has 
largely  passed  into  the  hands  of  a  few  large  companies  that 
own  furnaces  and  desire  to  continue  in  the  iron  industry 
through  centuries  to  come,  the  price  of  ore  does  not  fall 
extremely  low  when  there  is  a  serious  falling  ofif  in  the  de- 
mand for  iron,  because  the  companies  see  that  it  is  the  part 
of  wisdom  to  hold  the  ore  to  meet  future  demands  rather 
than  to  part  with  it  at  a  loss. 

5.  It  is  certain  that  long  before  the  high  grade  ores  are 
exhausted,  lower  grade  material  will  be  used  in  increasing 
quantity  to  mix  with  the  higher  grade  products.  It  was 
only  a  few  years  ago  that  in  the  Lake  Superior  region  any- 
thing below  60  per  cent  metallic  iron  was  regarded  as  un- 
marketable. At  the  present  time  material  from  50  per  cent 
is  regarded  as  marketable.  Indeed,  some  ore  has  been  sold 
as  low  as  40  per  cent  metallic  iron  which  is  high  in  silica 
and  low  in  phosphorus.     Increasing  use  of   low  grade  ma- 
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terial  for  mixing  with  the  high  grade  ore  will  greatly  prolong 
the  life  of  the  latter. 

6.  The  extent  to  which  imported  ores  will  be  substituted  Uac  of 
for  domestic  ores  is  uncertain.     It  is  clear  that  such  ores  ^^^^^^ 
are  to  be  used  in  an  increasing  amount,  and  especially  those 

from  Cuba,  and  possibly  from  Brazil.  It  is  probable  that 
they  will  be  a  somewhat  important  factor  in  prolonging 
the  life  of  the  high  grade  ores  within  the  United  States. 

7.  The  store  of  metallic  iron  is  increasing  by  enormous  Increase 
amounts  each  year.     Indeed,   the  saving  and  re-using  of  o^^eJ^^ 
iron  once  used  is  the  most  important  point  in  the  conserva-  iron, 
tion  of  iron.     In  the  not  distant  future  the  new  needs  of  any 

year  will  be  sure  to  be  met  in  considerable  proportion  from 
the  re-use  of  iron  already  made,  rather  than  by  the  mining 
of  ore  and  its  reduction;  and  it  may  be  that  finally  the 
larger  source  of  iron  for  new  uses  will  be  the  metal  utilized 
for  some  other  purpose,  or  else  reworked  for  the  same  purpose. 

8.  It  is  a   question  whether  the  great  era  of  structural  Construc- 
expansion  is  not  near  its  climax.     It  is  certain  that  we  shall  ^eaTci^^ax, 
not  go  on  building  railroads  and  other  structures  at  the 

same  percentage  of  increase  as  in  the  past.  Therefore  we 
should  expect  that  the  percentage  of  increase  in  the  demand 
for  iron  from  ore  will  not  continue  indefinitely  in  the  future 
because  the  great  structural  work  of  the  country  will  be 
largely  done.  After  a  city  is  made  it  does  not  require  so 
much  iron  as  it  does  in  the  process  of  making.  Similarly, 
when  the  railroads  are  once  constructed,  their  efiiciency  can 
be  increased  without  a  corresponding  increase  in  the  quantity 
of  iron  required. 

Therefore,  for  the  various  reasons  given,  it  is  believed  Life  of 
that  three  decades  will  not  see  the  end  of  the  supply  of  iron  ore. 
high  grade  iron  ore,  or  even  a  close  approach  to  it;  and  the 
danger  of  exhaustion  of  all  low  grade  ores  is  remote.  This, 
however,  is  no  reason  why  the  greatest  care  should  not  be 
taken  to  economically  mine  ore  and  the  utmost  pains  used 
to  conserve  the  iron  reduced;  for  thirty  years  or  ten  times 
thirty  years  are  insignificant  compared  with  the  length  of 
time  that  the  people  of  this  country  will  require  large  sup- 
plies of  iron. 
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THE   PRESERVATION   OF   IRON 

Iron  is  utilized  in  three  forms,  —  pig,  steel,  and  wrought. 
These  three  products  differ  among  themselves  in  their  speed 
of  deterioration  under  different  circumstances.  It  is  plain 
that  the  product  should  be  used  which  will  best  resist  cor- 
rosion under  the  conditions  in  which  it  is  to  be  placed. 
The  great  loss  of  iron  is  by  rust  when  in  position;  this 
there  are  various  ways  to  prevent. 

In  the  first  place  it  has  been  found  that  homogeneous  iron 
is  less  likely  to  rust  than  that  which  is  irregular.  Iron 
which  is  heterogeneous  becomes  an  electric  battery  having  a 
positive  and  negative  pole,  and  therefore  is  subject  to  solu- 
tion where  electric  currents  pass  through  it,  as  they  are  likely 
to  do  under  our  modem  conditions  of  civilisation. 
Protection  Also  it  has  been  found  that  pig  and  wrought  iron  are 
from  rust  "iuch  less  subject  to  rapid  corrosion  than  steel,  and  they 
therefore  should  be  preferred  for  all  underground  purposes, 
such  as  culverts,  pipes,  etc.,  where  it  is  impracticable  to 
renew  a  protective  coating.  It  has  been  found  as  a  matter 
of  experience  that  when  steel  pipes  are  placed  underground 
and  used  for  water  purposes  they  corrode  very  rapidly. 
Until  a  comparatively  few  years  ago  the  great  quantity  of 
iron  used  was  in  the  form  of  pig  or  wrought,  because  these 
were  cheaper;  but  since  the  discovery  of  the  Bessemer 
process,  steel  has  become  very  cheap,  so  that  steel  is  less 
expensive  than  wrought  iron.  Recently  there  has  been  a 
very  rapid  development  of  the  so-called  open  hearth  steel, 
and  metal  manufactured  by  this  process  may  be  made  to 
approach  close  to  wrought  iron.  This  material  has  greater 
resisting  power  than  Bessemer  steel ;  therefore  if  steel  is 
used  at  all  for  underground  work  where  oxidization  is  espe- 
cially likely  to  take  place,  open  hearth  rather  than  the 
Bessemer  steel  should  be  used. 

Investigations  by  Hambuechen  and  Burgess  *  show  that 
iron  and  steel  when  in  a  state  of  strain  are  much  more  readily 

*  "  The  Corrosion  of  Iron  from  the  Electrochemical  Standpoint."  Presi- 
dential address  of  C.  F.  Burgess,  for  the  American  Electrochemical  Society. 
April  30,  1908. 
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corrodible  than  when  in  an  unstrained  condition;  therefore 
so  far  as  iron  is  placed  in  a  position  where  it  is  subject  to 
corrosion,  it  should  be  in  an  annealed  condition,  not  under  a 
condition  of  strain.  Further,  Burgess  has  shown  that  in- 
equalities of  temperature  result  in  increasing  corrodibility  of 
iron. 

Wherever  possible,  iron  should  have  a  preservative  coat- 
ing.    These  coatings  are  of  several  classes. 

First,  there  are  coatings  of  zinc  or  tin  and,  to  a  much  Coating 
smaller  extent,  of  copper  or  lead.  Iron  coated  with  tin  is  JJJi^e7metal. 
ordinarily  called  tin  plate  or  simply  tin;  iron  coated  with 
zinc  is  called  galvanized  iron.  Galvanized  iron  and  tin 
plate  are  used  for  many  purposes,  —  roofing  and  sheathing 
of  buildings,  wires,  nails,  tanks,  and  many  kinds  of  utensils. 
Metal  coatings  are  reasonably  permanent  and  greatly  pro- 
long the  life  of  the  iron.  But  it  is  to  be  remembered  in  this 
connection  that  the  zinc  and  tin  used  for  coating  iron  are 
very  largely  lost.  They  are  put  in  a  form  in  which  the 
recovery  is  relatively  small,  and  while  from  the  point  of  view 
of  iron  their  use  is  very  favorable  to  conservation,  from  the 
point  of  view  of  zinc  and  tin  it  draws  heavily  upon  them,  — 
how  heavily  will  be  seen  when  we  reach  those  metals  (see 
pp.  82,  86). 

Second,  iron  may  be  coated  with  paint,  bitumen,  or  cement.  Coating 
One  of  these  should  be  and  indeed  is  generally  applied  wher-  ^^?^  . 
ever  the  iron  is  exposed  and  the  metallic  coatings  are  not 
used.  For  structural  iron  and  steel  in  bridges,  decorative 
iron  work,  for  locomotives,  etc.,  it  has  been  found  a  matter 
of  good  economy  to  keep  the  iron  surfaces  exposed  to  the 
weather  well  protected  by  a  coating  of  some  kind. 

Third,  iron  may  be  coated  with  lacquers,  japans,  and 
enamels.  These,  however,  are  expensive,  and  therefore  are 
used  only  for  small  implements,  such  as  gun  barrels,  philo- 
sophical instruments,  and  other  objects  having  a  relatively 
high  value. 

While  a  protective  covering  should  be  applied  to  iron 
whenever  practicable,  there  are  certain  uses  in  which  that 
is  not  possible;   as,  for  instance,  in  the  case  of  steel  rails  for 


74     CONSERVATION   OF  NATURAL  RESOURCES 

railroads.  The  rails  are  of  necessity  exposed  to  the  weather 
and  wear,  and  the  loss  is  therefore  relatively  heavy.  After 
a  certain  number  of  years,  the  rails  become  so  oxidized  and 
worn  that  they  cannot  be  longer  used  safely  and  are  replaced 
by  new  ones.  The  remainder  of  the  old  rails  is  worked 
over  into  some  other  form  of  steel  or  into  new  rails,  as  the 
case  may  be. 
Waste'  A  very  considerable  loss  of  iron  in  this  country  is  that  of 

of  iron.  simple  waste.    Before  iron  became  so  common,  every  piece 

of  iron  or  steel  was  treasured,  kept  and  sold  to  a  gatherer 
of  scrap,  who  turned  it  over  to  a  manufactory  to  be  again 
used.    Among  the  barbarous  people,  where  iron  is  scarce, 
this  is  still  done,  but  the  very  cheapness  of  iron  under  the 
modem  conditions  has  led   to  great  carelessness  in  this 
respect.    This  unnecessary  waste  should  cease.    All  that 
need  be  done  is  simply  to  take  the  trouble  to  pile  and  keep 
the  refuse  material.    There  is  always  a  sale  for  scrap  iron 
at  some  price,  and  in  most  cases  the  trouble,  even  from  the 
point  of  view  of  present  advantage,  will  be  justified. 
Relation  of        Finally,  it  is  to  be  remembered  that  the  smelting  of  iron 
to^uL  o?°     ^^^^  ^s  ®^®  ®^  *^^  heaviest  drafts  upon  coal ;  and,  therefore, 
coal.  in  proportion  as  iron  once  extracted  is  conserved,  coal  also 

will  be  conserved.  To  produce  the  25,000,000  long  tons  of 
pig  iron  of  last  year,  required  ij  tons  of  coal  each,  or  some 
45,000,000  tons  of  high  grade  coal.  Hence  conservation  of 
iron  is  demanded  equally  for  the  conservation  of  coal. 

Copper,  Lead,  Zinc,  Gold,  and  Silver 

Before  considering  copper,  lead,  zinc,  gold,  and  silver 
separately,  there  are  certain  remarks  which  may  be  made 
that  apply  to  them  all.  The  ores  of  these  metals  are  so 
irregular  in  their  occurrence,  and  so  widely  dispersed,  that 
it  has  not  been  possible  to  make  any  accurate  estimates  of 
the  known  stores  of  them,  or  even  of  the  developed  reserves, 
as  has  been  done  with  coal  and  iron.  Indeed,  it  is  rather 
exceptional  for  a  copper,  gold,  silver,  lead,  or  zinc  mine  to 
have  the  property  opened  up  so  that  there  is  in  sight  a  re- 
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serve  of  some  years.  While  this  is  true  in  general,  it  should 
be  said  that  some  of  the  larger  mines  do  have  their  deposits 
thus  developed.  But  it  certainly  could  not  be  asserted  that 
there  is  in  sight  the  equivalent  of  the  probable  output  of  the 
next  decade.  By  this  it  is  not  meant  to  imply  that  the 
reserves  are  not  greater  than  this;  but  that  they  have  not 
been  opened  up,  developed  sufficiently  so  that  an  accurate 
estimate  can  be  made  of  their  future  life. 

One  reason  which  makes  it  impracticable  to  make  any  increased 
accurate  estimate  of  the  probable  reserves  of    copper,  lead,  "^^  °^   , 

11  M  'in  1  11/...         'ow  grade 

zmc,  gold,  or  silver  is  the  fact  that  as  methods  of  mining  ores, 
have  been  improved  and  methods  of  extraction  advanced, 
lower  and  lower  grade  ores  have  been  commercially  handled. 
A  few  years  ago  it  was  comparatively  rare  to  work  copper 
ores  which  yielded  less  than  2  or  3  per  cent  of  metallic 
copper.  At  the  present  time  ores  are  profitably  worked 
which  yield  less  than  1  per  cent,  or  twenty  pounds  to  the 
ton.  Gold  ores  are  profitably  worked  from  which  is  ex- 
tracted less  than  one  eighth  of  an  ounce  of  gold  per  ton. 
That  is,  2000  pounds  of  material  are  taken  from  the  ground, 
mined,  run  through  breakers,  and  the  gold  extracted,  all  for 
the  recovery  of  a  $2.50  gold  piece.  This  well  illustrates 
the  remarkable  improvement  of  recent  years  in  the  exploita- 
tion of  ores  and  the  extraction  of  the  metals. 

It  is  probably  true,  as  with  iron,  that  the  known  reserves 
of  copper,  lead,  zinc^  gold,  and  silver  are  larger  than  at  any 
previous  time.  The  ore  deposits  of  these  metals  have  been 
opened  up  faster  than  they  have  been  exploited,  notwith- 
standing the  amazing  increase  in  output.  But  that  this  is 
true  is  due  to  our  ability  to  handle  a  steadily  decreasing 
grade  of  ore.  If  at  the  present  time  the  available  reserves 
were  limited  to  the  grade  of  copper,  lead,  zinc,  gold,  and 
silver  ore  commercially  handled  a  few  years  ago,  it  is  cer- 
tain that  they  would  be  very  limited. 
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COPPER 

In  the  United  States  the  production  of  copper  until  1845 
was  unimportant.  The  yield  in  gross  tons  of  metallic 
copper  for  that  year  and  for  selected  years  is  given  in  the 
following  table:  — 

Table  Showing  Mbtaluc  Coppxb  Pboduccd  in  Selected  Ybabs 


1845 
1852 
1867 
1883 
1888 
1896 
1005 

igo6 

1907 
1908 
1909 


100 

1,100 

10.000 

51,574 

101,054 

205,384 

402,637 

409,734 

387,944 

420,790 

543,647* 


Rapid 
increase 
in  copper 
production. 


This  table  shows  that  copper  first  began  to  be  heavily 
drawn  upon  in  1867,  when  10,000  tons  of  metallic  copper 
were  produced.  From  1867,  the  product  increased  fivefold 
in  the  sixteen  years  to  1883;  in  five  years  more,  to  1888, 
it  again  doubled;  again  it  doubled  in  eight  years  from 
1888  to  1896;  and  once  more  doubled  in  nine  years,  1896 
to  1905.  From  1905  to  1909,  four  years,  the  increase  was 
30  per  cent  to  543,647  tons,  which  far  surpasses  the  output 
of  any  previous  year. 

Of  the  total  yield  of  the  United  States,  including  1909, 
amounting  all  together  to  6,400,780  gross  tons,  3,672,921,  or 
57.3  per  cent,  were  produced  in  the  last  ten  years  of  the. 
period.  Also  the  output  of  either  of  the  two  previous 
decades  more  than  equaled  the  entire  product  of  all 
of  the  previous  decades.  Thus  in  this  respect  there  is  a 
parallel  between  copper  and  iron.  While  the  output  of 
copper  is  still  rapidly  rising,  it  is  very  doubtful  if  the  rate 
of  increase  of  the  past  three  decades  will  be  kept  up  even 
for  another  ten  years. 

Since  1895  the  United  States  has  produced  from  50  per 


Approximately  only.     From  Mining  World,  Jan.  22,  1910. 
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cent  to  55  per  cent  of  the  copper  of  the  world,  and  accord- 
ing to  the  Mining  Worlds  in  1909,  72.6  per  cent.  The  chief 
copper  producing  states  are  Michigan,  Montana,  and 
Arizona.  In  1909  they  produced  respectively  236,000,000, 
311,000,000,  and  294,000,000  pounds  of  copper.  The  state 
next  in  importance  is  Utah,  which  in  1909  produced 
108,000,000  pounds. 

In  Michigan  the  grade  of  ore  has  steadily  declined,  until 
in  1907  the  average  metal  received  from  the  rock  of  the 
famous  mines  of  the  state  was  only  1.1  per  cent,  or  twenty- 
two  pounds  of  copper  per  ton. 

Upon  the  basis  of  thirteen  cent  copper,  according  to  Lind- 
gren,  the  known  reserves  of  this  district  are  not  more  than 
fifteen  years,  and  it  is  doubtful  if  in  Montana  and  Arizona 
the  known  reserves  exceed  ten  years.  But  as  in  the  case 
of  iron,  the  discovery  of  copper  ores  has  gone  on  faster 
than  exploitation,  so  that  the  present  known  reserves,  while 
very  moderate,  are  larger  than  ever  before.  Further  explora- 
tion will  extend  ore  bodies  now  known  and  will  lead  to  the 
discovery  of  new  deposits,  and  thus  prolong  the  life  of  copper 
ores  of  the  grades  now  used. 

If  in  the  future  the  price  of  copper  rises  to  fifteen  cents 
or  twenty  cents  per  pound,  or  to  a  higher  amount,  it  will 
be  possible  to  work  ores  of  a  lower  grade.  While  no  esti- 
mate can  be  given  as  to  the  quantity  of  very  low  grade 
copper  ore,  it  is  known  that  the  amount  is  relatively  large. 
But  even  the  most  sanguine  can  hardly  hold  out  the  hope 
that  copper  can  be  profitably  produced  at  the  present  rate 
for  fifty  or  one  hundred  years,  and  this  is  a  very  short  time 
as  compared  with  our  future  need  for  this  metal.  Hence 
there  is  the  greatest  necessity  for  conservation  of  it  in 
every  possible  way. 

At  the  present  time  the  production  of  copper  is  mainly 
in  the  hands  of  large  companies,  and  little  complaint  can  be 
made  as  to  wastefulness  in  mining  or  extraction.  The 
greatest  loss  is  in  concentration,  especially  of  the  sulphides; 
according  to  Lindgren  the  losses  in  such  cases  sometimes 
reach  30  per  cent.    Wherever  the  amount  of  metals  which 
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goes    into    the    tailings    is    considerable,    they   should   be 
stored. 

The  uses  of  copper  are  mainly  for  wire  and  sheet  and 
brass  castings.  All  of  these  uses  are  such  that  the  material 
may  be  again  utilized.  At  the  present  time  a  considerable 
portion  of  the  domestic  consumption  is  from  scrap  copper. 
To  some  extent  copper  is  used  for  chemical  purposes,  and 
when  thus  used,  is  rarely  available  more  than  once.  Copper 
is  sufficiently  valuable  so  that  little  complaint  can  be  made 
of  mere  waste  of  material  in  the  metallic  form.  This  metal 
differs  from  lead  and  zinc  in  that  only  a  comparatively  small 
part  of  it  goes  to  a  purpose  which,  when  once  used,  dissi- 
pates it. 

LEAD 

The  lead  smelting  industry  in  the  United  States,  as  an 
important  one,  goes  back  farther  than  that  of  any  other 
metal.  We  have  estimates  for  the  amount  of  lead  produced 
by  the  United  States  as  far  back  as  1825,  whereas  the  earliest 
years  for  which  figures  are  available  for  any  other  metal  are 
the  decade  of  1840  to  1850. 

The  production  of  metallic  lead  in  short  tons  from  domes- 
tic ores  for  selected  years  is  shown  by  the  following  table: — 

Table  Showing  Metallic  Lead  Produced  in  Selected  Years 

1825  1,500 

1832  10,000 

1874  52,080 

1881  117,085 

1897  207,365 

1907  337,340 

1908  298,672 

1909  356,984 » 

The  table  shows  that  it  took  forty-two  years,  from  1832  Rapid 
to  1874,  for  the  lead  produced  to  rise  from  10,000  tons  to  increase  in 

^  production 

50,000  tons;   but  to  go  from  50,000  to  over  100,000  tons  of  lead, 
required  only  seven  years,  from  1874  to  1881;    and  to  rise 
to  above  200,000  tons  required  sixteen  years    more,  from 

*  Approximate  only  ;  does  not  include  lead  from  base  bullion.  From 
Mining  World,  Jan.  22,  1910. 
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1881  to  1897.  Beginning  with  1830,  the  total  output  of  the 
United  States,  including  1909,  was  8,595,672  short  tons.  Of 
this,  3,063,047  tons,  or  35.6  per  cent,  were  produced  during 
the  closing  decade.  Thus  while  the  output  of  lead  has  in- 
creased very  rapidly  during  the  past  fifteen  years,  the  rate 
of  increase  has  not  been  so  great  as  in  the  case  of  iron  and 
copper,  for  which  metals  the  product  of  the  past  decade  was 
more  than  50  per  cent  of  the  total. 

L088B8  OF  LEAD 

Loss  of  lead  In  the  mining  of  lead  the  losses  are  always  considerable 
in  muung  ^j^^j  sometimes  are  excessive.  Frequently  the  low  grade  ores 
traordiuary.  are  left  in  the  mines  under  conditions  which  make  it  diffi- 
cult to  raise  them.  In  the  southeastern  district  of  Missouri, 
under  the  best  practice,  not  less  than  15  per  cent  is  left  in 
the  mines,  and  this  is  less  tlian  the  average  amount.  How- 
ever, the  greatest  losses  in  the  production  of  lead  are  in  the 
concentration  and  smelting  of  the  ore.  In  the  better  prac- 
tice the  losses  in  concentration  approach  to  15  per  cent,  and 
in  the  poorer  practice  they  are  much  higher  than  this.  The 
loss  in  smelting  of  the  concentrates  frequently  amounts  to 
from  15  to  20  per  cent.  A  conservative  authority  states 
that  in  southeastern  Missouri  the  losses  in  mining,  concen- 
tration, and  smelting  aggregate  under  the  best  practice 
from  35  to  40  per  cent,  whereas  the  loss  for  the  district 
for  the  whole  is  in  the  neighborhood  of  from  45  to  50  per 
cent.  That  is,  there  is  finally  recovered  as  metallic  lead  a 
little  more  than  one  half  of  the  material  of  the  ore  in  the 
ground.  This  does  not  take  into  account  the  low  grade 
ores  which  under  present  conditions  cannot  be  commer- 
cially handled.  So  far  as  such  low  grade  ores  are  left  in 
the  ground,  this  should  be  under  such  conditions  that  they 
may  be  mined  in  the  future.  Conservation  demands  im- 
provements in  the  methods  of  mining,  concentration,  and 
smelting  of  lead.  Probably  satisfactory  results  will  not  be 
secured  until  there  are  comprehensive  and  rigid  mining 
laws  which  control  the  methods  of   mining,  milling,  and 
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smelting  of  the  lead  ores.  Such  laws  must  include  pro- 
visions for  a  mining  inspector  with  ample  authority  to  en- 
force the  provisions  of  the  law. 

THE  USES  OF   LEAD 

Of  the  lead  which  is  produced,  one  third  is  made  into 
white  lead  for  the  manufacture  of  paint.  In  1907  there 
were  thus  used  135,000  tons.  Lead  made  into  paint  has 
but  one  service,  since  its  recovery  is  impracticable.  The 
use  of  lead  for  paint  places  this  metal  to  that  extent  upon 
the  same  basis  as  coal,  which,  when  extracted  and  used,  is 
gone  forever. 
Use  of  So  far  as  possible,  it  is  clear  that,  for  paint,  other  sub- 

[^^'°'  stances  should  be  substituted  for  lead.  Of  these,  iron 
oxide  and  barytes  are  the  most  available.  It  is  admitted 
that  paints  made  of  these  substances  are  not  so  good  as 
white  lead  paint;  but  because  the  amounts  of  them  are 
large  and  because  they  do  not  draw  upon  the  metals,  the 
quantity  of  which  is  very  limited,  we  should  encourage  as 
rapidly  as  possible  the  substitution  of  these  metals  for 
white  lead. 

ZINC 

The  production  of  zinc  in  large  quantity  in  the  United 
States  is  comparatively  new.  Statistics  are  available  only 
since  1873.  The  production  of  metallic  zinc  in  short  tons 
for  selected  years  is  shown  by  the  following  table :  — 

Tablb  Showino  Mbtaluc  Zinc  Producco  in  Selected  Ybabs 

1873  7.343 

1887  50.340 

1897  99.980 

1905  203.849 

1907  223,745 

1908  190,749 

1909  241,842 » 

Rapid  The  figures  in  the  table  do  not  include  the  zinc  white 

in  produc-     Di^de  directly  from  the  ore.     This  table  shows  that  from 
tionofzinc.    1873  to  1887,  fourteen  years,  the  output  of  zinc  increased 

»  Approximate  only.     From  Mining  World,  Jan.  22,  1910. 
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more  than  sixfold;  it  doubled  again  by  1897,  that  is,  in  ten 
years;  and  doubled  again  in  1905,  that  is,  in  eight  years. 
Of  the  entire  production  since  1873  to  1909  inclusive, 
3,271,630  short  tons,  1,827,435  tons,  or  55.9  per  cent,  were 
produced  in  the  closing  ten  years.  Thus  zinc  is  again 
a  product  the  output  of  which  for  the  last  decade  more 
than  equaled  the  entire  output  of  the  previous  decades. 

THE  WASTE  OP  ZINC 

The  wastes  in  mining  and  smelting  of  zinc  are  great. 

Often  as  much  as  15  per  cent  of  the  zinc  ore  is  left  in  the 

mine.     After  the  ore  is  taken  out  of  the  mine  the  loss  of 

metal  in  concentration  is  large. 

Loss  of  Not  only  is  there  great  loss  in  the  mining  of  zinc  and  in 

amc  in  j^g  concentration,  but  there  is  very  great  loss  in  smelting. 

mining  and      „.        .  ,.  i  .  .        t  ij 

extraction.  Zmc  IS  a  peculiar  metal  m  one  respect.  Iron,  copper,  gold, 
and  silver,  when  reduced  from  the  ore  to  the  metallic  form, 
are  liquid.  In  the  furnace,  zinc  does  not  give  up  the  oxygen 
combined  with  it  except  at  such  a  temperature  as  to  be  a 
vapor.  Hence  the  smelting  of  zinc  presents  the  problem 
of  its  condensation  from  that  form.  Notwithstanding  the 
greatest  care  upon  the  part  of  the  smelters,  the  losses  are 
great.  It  is  very  rare  indeed  that  there  is  obtained  more 
than  80  per  cent  of  the  metal  in  the  ore  treated.  It  is 
difficult  to  altogether  avoid  this  loss  of  20  per  cent  or 
more,  but  it  is  clear  that  the  manufacturers  should  use 
every  precaution  to  improve  metallurgical  processes  for  zinc, 
and  thus  increase  the  percentage  of  metal  extracted. 

It  is  probable  that  putting  together  all  the  losses  in  min- 
ing, concentration,  and  smelting  of  zinc,  they  amount  on 
the  average  to  at  least  40  per  cent  of  the  metal  in  the  ore. 
In  Missouri,,  which  state  produces  about  one  half  of  the 
zinc  of  the  United  States,  the  waste  is  almost  beyond  belief. 
The  most  conservative  estimates  place  the  loss  at  from  30 
to  35  per  cent ;  and  it  is  estimated  by  some  men  who  know 
the  conditions  that  the  losses  amount  to  70  per  cent.  By 
those  making  the  latter  statement,  it  is  held  that  the  extrac- 
tion of  the  ore  from  the  groimd  is  not  to  exceed  70  per 
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cent;  that  60  per  cent  is  a  more  probable  figure;  that  in 
the  concentration  and  smelting  of  the  ore,  50  per  cent  of 
the  zinc  in  the  ore  taken  out  of  the  ground  is  lost.  This 
would  make  the  recovery  of  metal  not  more  than  30  to  35 
per  cent  of  the  amount  in  the  ore. 

The  very  great  losses  in  Missouri  and  other  states  are  in  Loss  of 
large  measure  due  to  the  high  royalties  exacted  of  the  Ji^cdue 

t^  ./  ^Q  excessive 

miners  by  the  fee  holders.  The  great  majority  of  the  ores  royalties, 
in  Missouri  and  Wisconsin  are  not  mined  by  the  men  who 
own  the  land.  The  properties  are  leased  to  miners  upon 
the  condition  of  a  royalty  of  10  or  15  per  cent  of  the  gross 
output  of  the  concentrates.  Very  frequently  the  man  who 
makes  the  first  lease  sublets  to  another  party  at  a  10  or 
20  per  cent  royalty.  In  such  cases  the  subleases  are  small 
and  the  mining  installations  poor  and  inefficient.  Thus 
under  this  system  the  total  royalties  amount  from  20  to 
35  per  cent.  The  inevitable  consequence  of  excessive  royal- 
ties is  that  the  operator,  bound  to  get  a  profit  —  the  largest 
possible  profit  in  the  shortest  time  —  takes  out  of  the  mines 
the  high  grade  ores  and  leaves  the  low  grade  material.  It 
is  to  the  operator's  interest  to  mine  and  concentrate  rapidly 
and  cheaply  even  if  a  large  amount  of  the  metal  does  remain 
in  the  mine  and  go  into  the  tailings.  He  will  thus  get  the 
largest  returns  on  his  investment. 

It  is  clear  that  the  fee  holder  should  put  into  his  leases  a  Conditions 
condition  requiring  clean  mining  and  handling  the  deposit  gi^ou^d^ 
so  that  the  low  grade  material  may  be  mined  in  the  future;  require  con- 
it  is  clear  that  he  should  require  the  best  methods  of  con-  ^ervative 

■^  mining. 

centration  in  order  to  reduce  the  losses  of  milling.  It  is 
believed  that  such  losses  may  be  reduced  to  one  third  or 
one  fifth  of  the  present  amount.  In  order  to  require  these 
things  from  the  operator,  it  will  be  necessary  for  the  fee 
holder  to  reduce  the  royalties.  This  procedure  may  tem- 
porarily lessen  his  income  per  year  from  a  mine;  but  there 
is  no  doubt  that  the  total  income  derived  from  a  property 
will  be  increased  both  to  the  fee  holder  and  to  the  operator 
by  wise  provisions  in  reference  to  the  methods  of  mining 
and  extraction  and  liberal  conditions  as  to  royalties. 
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THE  USES   OF   ZINC 

Zinc,  like  lead,  is  used  for  the  manufacture  of  white  paint. 
In  1907  more  than  60,000  tons  of  zinc  white  were  made, 
containing  more  than  one  sixth  of  the  total  output  of  zinc. 
This  material  made  into  paint  and  used  is  gone  forever. 
The  same  principle  here  applies  as  in  the  case  of  lead,  —  we 
should  substitute  non-mineral  and  iron  paints  for  zinc  white. 

The  largest  use  of  zinc  is  for  galvanizing  iron.  In  1905 
there  were  used  for  this  purpose  100,000  tons;  in  1906, 
124,000  tons;  and  in  1907,  149,000  tons.  Thus,  for  galvan- 
izing, in  1907,  was  required  two  thirds  of  the  metallic  zinc 
produced.  This  use  of  zinc  is  one  in  which  the  proportion 
of  metal  dissipated  is  very  large.  Probably,  under  the  most 
favorable  circumstances,  it  will  never  be  true  that  half  of  the 
metal  used  for  galvanizing  will  be  available  a  second  time. 
Recovery  from  galvanized  iron  in  1907  amounted  to  about 
13,000  tons. 

The  remainder  of  the  zinc  is  mainly  used  for  sheet  zinc 
and  for  brass,  an  alloy  of  which  it  and  copper  are  the  con- 
stituents. So  far  as  possible,  zinc  should  be  conserved  for 
these  permanent  uses.  Brass  is  a  very  important  product 
for  many  purposes.  If  we  are  to  have  a  sufl&cient  supply  of 
zinc  in  the  future  for  the  manufacture  of  sheet  zinc  and  for 
brass,  so  extensively  used,  in  the  arts,  we  shall  finally  be 
obliged  to  discontinue  largely  or  wholly  its  use  as  a  paint  and 
for  galvanizing  iron. 

GOLD 

Gold  production  in  the  United  States  was  relatively  un- 
important until  1850.  With  the  discovery  of  gold  in  Califor- 
nia came  a  phenomenal  increase  in  the  output.  From  1850 
to  1897  there  were  produced  each  year  between  1,500,000 
and  3,000,000  troy  ounces  of  the  metal,  each  representing 
a  value  of  $20.67.  In  1905  the  4,000,000  ounce  mark  was 
passed,  there  being  produced  that  year  4,265,742  ounces. 
In  1908  the  production  reached  4,574,340  ounces,  and  in 
1909  approximately  4,889,524.*    The  total  gold  production  of 

^  From  Mining  World,  Jan.  22,  1910. 
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the  United  States  to  1909  was  153,129,703  ounces,  of  which 
41,627,643  ounces,  or  27.2  per  cent,  were  produced  during 
the  decade  ending  that  year.  In  recent  years  the  output  of 
gold  has  not  increased  nearly  so  rapidly  as  the  base  metals. 
The  chief  gold-producing  states  are  Colorado,  California*, 
and  Nevada.  Each  of  these  states  contributes  from 
$15,000,000  to  $20,000,000,  or  nearly  1,000,000  ounces  of 
gold  per  annum. 
Reserves  of  While  the  reserves  of  gold  ore  are  large,  they  camiot  be 
gold  ore.  appraised  with  anything  like  an  approach  to  exactness. 
Lindgren,  who  is  an  expert  upon  this  metal,  thinks  it  is 
not  likely  in  the  United  States  in  the  near  future,  unless 
important  fields  are  discovered  in  reference  to  which  we 
know  nothing,  that  the  output  of  gold  will  go  beyond 
$110,000,000  per  annum;  nor  does  he  think  that  it  will 
sink  below  $60,000,000  per  annum.  How  long  it  will  be 
before  the  maximum  production  is  reached  and  a  decline 
sets  in  cannot  be  predicted,  but  this  may  occur  within  twenty- 
five  years  or  less. 

The  increasing  output  of  gold  has  only  been  possible, 
as  in  the  case  of  copper,  by  the  discovery  of  new  fields 
and  a  great  decrease  in  the  average  grade  of  ore  which  was 
treated.  It  seems  in  the  case  of  gold,  where  in  some  in- 
stances two  thousand  pounds  of  material  are  being  mined 
and  milled  to  get  an  eighth  of  an  ounce,  that  we  must  be 
near  the  limit  as  to  lowering  of  grade  of  ore.  Certainly  we 
cannot  expect  in  the  future  that  the  grade  of  the  product  can 
go  much  lower. 

LOSSES  OF   GOLD 

Goidiosses  In  the  early  days  of  gold  mining  in  the  United  States 
m  mining  there  was  great  waste  in  the  mining  and  extraction  of  gold; 
extractions,  and  the  losses  are  still  large  in  Alaska.  At  present,  gold 
exploitation  is  mainly  by  large  companies.  The  limitations 
of  the  amount  of  good  ore  are  appreciated,  and  in  recent 
years  there  has  been  much  lessening  of  the  waste.  The 
mining  methods  are  excellent,  and  the  ore  taken  out  so  nearly 
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approximate  to  the  full  amount  available  that  there  is  little 
cause  for  complaint  from  the  point  of  view  of  conservation. 

Also  the  loss  in  extraction  has  been  greatly  reduced  in 
recent  years.  Formerly  the  loss  in  the  tailings  was  large. 
The  stamp  mills  were  small  and  the  methods  of  extraction 
crude,  so  that  there  went  down  to  the  gulleys,  to  be  washed 
into  the  streams,  great  masses  of  material  which  contained  a 
considerable  percentage  of  the  gold  of  the  ores.  How  great 
the  losses  were  in  the  past  is  shown  by  the  fact  that  large 
quantities  of  tailings,  so  placed  as  not  to  be  washed  away, 
have  been  worked  over  with  profit  by  modern  methods. 
Even  at  the  present  time  it  is  advantageous  to  store  the 
tailings  from  the  mills,  for  future  improvements  may  make 
possible  further  recoveries. 

But  in  general,  in  consequence  of  the  improvements  in 
the  methods  of  milling  and  the  discovery  of  the  so-called 
chlorination  and  cyaniding  methods  of  extracting  the  gold 
from  the  base  concentrates,  there  is  reasonable  extraction 
of  the  metal.  The  greatest  percentage  of  losses  is  in  the 
low  grade  base  ores.  According  to  Lindgren,  the  loss  in 
the  concentration  of  such  ores  is  still  3  per  cent;  but  in  the 
combined  processes  of  amalgamation  and  concentration  with 
treatment  of  concentrates  by  cyaniding  or  chlorination,  the 
loss  is  not  more  than  1  per  cent.  So  far  as  the  gold  is  ex- 
tracted from  the  ore  by  a  smelting  process,  there  is  prac- 
tically no  loss. 

THE  USES  OP  GOLD 

The  uses  of  gold,  unlike  those  of  the  metals  which  we  Reduce 
have  heretofore  considered,  are  mainly  of  kinds  which  pre-  ?°^^  ^°^f^ 

'  .  ^  by  use  of 

serve  it.     Gold  well  illustrates  the  principle  that  when  the  certificates. 

metallic  ores  are  mined  and  the  metal  extracted,  the  metal 

is  capitalized.     The  larger  proportion  of  the  gold  taken  out 

of  the  mines  goes  into  coin  and  bullion.     There  is  no  loss 

from  the  gold  in  the  subtreasuries  and  banks,  but  from  that 

in  circulation  there  is  loss  by  wear  and  also  loss  of  the  coin 

itself.    The  amount  of  gold  coin  in  circulation  should  there- 
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fore  be  reduced,  for  the  wear  of  gold  as  a  circulating  medium 
is  the  greatest  loss  of  this  capitalized  product.  This  reduc- 
tion may  readily  be  accomplished  by  an  extension  of  the 
use  of  gold  certificates.  When  the  certificates  become 
worn,  they  are  replaced;  if  lost,  the  government  and  there- 
fore the  people  are  the  gainers.  If  gold  certificates  are  sub- 
stituted by  the  nations  of  the  world  for  circulating  coin  and 
the  equivalent  gold  kept  in  the  treasuries,  the  loss  by  wear 
will  be  reduced  to  an  inappreciable  amount. 

It  probably  will  not  be  practicable  for  a  number  of  years 
to  altogether  take  gold  out  of  circulation.  In  this  country 
we  have  gone  farther  in  this  respect  than  most  other  coun- 
tries. The  gold  actually  in  circulation  at  the  present  time 
is  mainly  restricted  to  the  Pacific  coast  states  and  particu- 
larly California.  In  the  central  and  eastern  parts  of  the 
country  we  seldom  use  gold  coin,  its  place  being  taken  by 
gold  certificates.  In  other  countries,  England,  France,  and 
Germany,  etc.,  there  has  been  no  such  development  in  this 
direction  as  in  the  United  States.  It  is  advisable  from  the 
point  of  view  of  conservation  that  other  countries  adopt 
the  plan  of  substituting  certificates  for  gold  coin. 

At  the  end  of  1907,  according  to  the  director  of  the  mint 
at  Washington,  there  was  gold  in  circulation,  and  coin  and 
bullion  in  the  subtreasuries  of  the  world,  to  the  value  of 
$7,014,600,000.*  During  the  twelve  years  1896  to  1907, 
inclusive,  there  were  produced  by  the  world  $3,648,878,800 
worth  of  gold,  or  more  than  50  per  cent  of  the  total  amount 
in  circulation  and  in  the  sub-treasuries  of  the  world  at  the 
end  of  the  period. 

During  those  twelve  years,  prices  for  all  other  commodi- 
ties have  increased  on  the  average  about  50  per  cent.  The 
connection  between  the  two  is  obvious.  Gold  has  depre- 
ciated in  value  during  those  twelve  years.  In  making  this 
statement  it  is  not  meant  to  imply  that  the  increase  of  the 
gold  supply  is  the  only  factor  in  rising  prices;  it  is  only  one 
among  a  number. 

^  Annual  Report,  Director  of  the  Mint,  for  the  fiscal  year  ending  June  30, 
1908,  p.  68. 
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Gold,  besides  being  used  for  money,  is  also  used  in  the  Gold  used 
arts,  especially  for  table  wear,  for  ornamental  objects,  for  ^^  ^^*^" 
jewelry,  and  to  some  extent  for  chemical  purposes.  It  is 
estimated  that  the  amount  of  new  gold  used  in  the  United 
States  during  the  year  ending  June  30,  1909,  for  these  pur- 
poses, had  a  value  of  $29,647,000,  or  somewhat  more  than 
a  quarter  of  the  output  of  the  United  States,  and  that 
in  addition  to  this,  old  material  was  re-used  and  coin  drawn 
upon  to  the  value  of  $10,000,000. 

SILVER 

The  production  of  silver  in  the  United  States  until  about  Production 
1830  was  unimportant.  From  that  date  it  gradually  in-  ^^t^^^^ 
creased  until  in  1880  there  were  produced  more  than  increasing. 
30,000,000  ounces.  In  1889  the  amount  had  reached 
50,000,000  ounces,  from  which  time  it  has  varied  between 
that  amount  and  60,000,000  ounces,  with  the  exception  of 
two  years.  In  1892  and  1893,  the  production  was  respec- 
tively 63,500,000  ounces  and  60,000,000  ounces.  The  total 
production  of  silver  in  the  United  States  to  the  end  of  1908 
is  estimated  at  1,783,149,000  ounces,  of  which  556,683,300 
ounces,  or  31.2  per  cent,  were  produced  in  the  closing  ten 
years.  Apparently  for  silver  the  crest  of  production  has 
been  passed,  being  reached  in  1892,  some  seventeen  years 
ago.  Probably  in  the  future  the  yield  of  silver  will  be 
below  rather  than  above  that  of  1892,  and  in  the  not  dis- 
tant future  there  may  be  a  gradual  decline  in  the  amount 
of  silver  produced. 

The  chief  silver  producing  states  are  Colorado,  Montana, 
and  Utah,  each  of  which  yields  more  than  eleven  million 
ounces  per  annum.  Nevada  and  Idaho  come  next,  the  yield 
of  each  being  about  eight  million  ounces. 

THE   USES   OF   SILVER 

Silver,  like  gold,  when  taken  from  the  mines  and  extracted  Silver 
from  the  ore,  has  been  largely  conserved,  because  its  main    °^  ^°^^' 
use  in  the  past  has  been  for  money.     According  to  infor- 
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mation  furnished  me  by  Dr.  T.  S.  Adams,  silver  is  still  the 
standard  of  value  in  a  number  of  countries,  —  China, 
Hongkong,  Indo-China,  Bolivia,  Salvador,  Persia,  Guate- 
mala, Nicaragua,  and  Honduras.  In  India  it  is  the  basis 
of  circulating  currency,  but  is  given  a  definite  value  as  com- 
pared with  gold  by  limiting  the  coinage.  In  other  countries 
a  bimetallic  standard  prevails,  as  in  France,  Spain,  Servia, 
and  Bulgaria;  but  in  these  countries  there  is  strict  limita- 
tion in  the  coinage  to  keep  the  silver  at  a  par  with  gold. 
In  all  other  countries  silver  is  used  as  a  subordinate  coin. 
It  thus  appears  that,  notwithstanding  the  tendency  for  gold 
to  replace  silver  as  the  standard  of  value,  silver  still  main- 
tains a  very  important  place  as  a  circulating  medium. 

Like  gold,  the  use  of  silver  as  a  coin  results  in  wear  and 
to  some  extent  in  the  loss  of  the  coin  itself.  There  can  be 
little  doubt  that  the  wear  of  silver  as  coin  is  the  chief  cause 
of  the  dissipation  of  this  metal.  Instead  of  silver  itself 
being  used,  the  certificate  may  be  issued  by  the  government 
and  the  silver  kept  in  the  mint,  and  thus  the  loss  by  circu- 
lation prevented.  In  this  matter  different  parts  of  this 
country  have  different  habits.  In  the  Middle  and  Far 
West  the  silver  dollar  is  extensively  used  as  current  coin. 
In  the  East  this  coin  is  only  occasionally  met  with  in  cir- 
culation, being  replaced  by  the  silver  certificate.  The  use 
of  the  silver  certificate  is  increasing  in  the  Middle  and  Far 
West,  and  this  should  be  extended  until  the  circulation  of 
the  silver  dollar  ceases.  In  other  countries  also  the  loss 
by  wear  of  silver  in  circulation  may  be  greatly  reduced  by 
the  substitution  of  the  silver  certificate  for  the  larger  silver 
coin.  It  is  probable  that  silver  for  fractional  currency,  the 
half  and  quarter  dollar  and  the  dime,  \^ill  be  used  in  this 
country  for  a  long  time  to  come;  also  similar  subordinate 
silver  coins  will  continue  to  be  used  in  other  countries. 

As  with  gold,  a  large  amount  of  silver  is  used  in  the  arts. 
At  the  present  time  it  is  estimated  that  something  like 
20,000,000  ounces,  or  more  than  one  third  of  the  entire 
product,  goes  into  this  use.  Of  these  20,000,000  ounces, 
4,000,000  ounces  or  one  fifth  come  from  old  objects  which 
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have  been  remelted  and  worked  into  a  new  form.  Like 
gold,  the  use  of  silver  in  the  arts  is  in  a  large  measure  of  a 
kind  which  conserves  the  metal.  That  is,  it  is  used  for 
utensils,  for  ornamental  objects,  and  for  silverware.  To  a 
greater  extent  than  gold,  however,  silver  is  used  in  the 
chemical  arts;  for  instance,  in  connection  with  photography 
and  as  a  chemical  reagent.  While  uses  of  these  kinds  are 
legitimate,  once  so  used,  the  saving  of  only  a  small  part  of 
the  silver  is  practicable. 


Abundance 

of 

aluminum. 


Difficulty 
of  extract- 
ing alumi- 
num. 


The  Subordinate  Metals 

The  subordinate  metals  include  manganese,  aluminum, 
mercury,  chromium,  molybdenum,  nickel,  tungsten,  uranium, 
vanadium,  tantalum,  platinum,  antimony,  bismuth,  tin,  and 
cadmium. 

A  number  of  these  metals  are  important  for  various  pur- 
poses, especially  for  alloys  and  for  use  in  the  arts.  How- 
ever, in  this  brief  course  of  lectures  it  is  not  possible  to 
consider  each  one  of  them  from  the  point  of  view  of  con- 
servation. To  do  so  would  take  too  much  time.  Therefore, 
recognizing  the  incompleteness  of  treatment,  only  a  single 
one  of  the  subordinate  metals  will  be  considered;  this  is 
aluminum. 

ALUMINUM 

Aluminum  is  selected  for  consideration  because  of  its 
abundance;  indeed,  aluminum  is  by  all  odds  the  most 
abundant  of  the  metals.  It  is  the  only  one  which  is  con- 
tained in  the  rocks  in  so  large  a  percentage  as  to  make  the 
amount  practically  illimitable.  The  entire  crust  of  the  earth 
contains  on  an  average  over  8  per  cent  aluminum,  and  in 
many  rocks  there  are  from  20  to  30  per  cent  of  this  element. 

Not  only  is  aluminum  abundant,  but  it  has  pro[>ertie8 
which  make  it  valuable  for  many  purposes.  It  does  not 
readily  corrode;  it  is  light,  strong,  ductile,  and  has  a  high 
electrical  conductivity.  Hence  the  question  arises  why  it 
is  that  it  does  not  have  a  more  important  place  in  our  econ- 
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omy.  The  difficulty  is  in  the  expense  of  its  extraction. 
The  greater  amount  of  the  aluminum  of  the  world  is  united 
with  silica  in  compounds,  called  silicates,  and  from  them  it 
is  extremely  difficult  to  extract  the  metal.  It  can  be  done, 
but  at  the  present  time  the  expense  is  prohibitive.  For 
the  most  part  the  aluminum  extracted  is  from  an  ore  called 
bauxite,  in  which  the  aluminum  is  united  with  oxygen. 
The  amount  of  this  particular  ore  is  very  limited,  —  much 
more  so  than  iron  ore.  And  even  from  this  oxide  of  alu- 
minum it  is  difficult  and  expensive  to  extract  the  metal; 
indeed  until  a  few  years  ago,  almost  no  aluminum  was  pro- 
duced in  this  country  except  as  a  chemical  curiosity. 

In  1883  in  the  United  States,  the  total  production  of  Production 
aluminum  was  eighty-three  pounds.  With  the  invention  of  aluminum. 
a  process  for  electrical  reduction  of  the  ore,  using  water  for 
power,  the  production  of  aluminum  became  important.  The 
amount  in  1891  reached  150,000  pounds;  in  1896,  1,300,000; 
in  1898,  5,200,000;  in  1905,  11,347,000;  and  in  1907, 
17,211,000.  The  total  production  of  the  United  States  to 
the  end  of  1908  was  111,682,779. 

Because  aluminum  has  a  high  electrical  conductivity,  is  Uses  of 
strong  and  does  not  readily  corrode,  it  may  replace  copper 
for  transmission  of  electrical  energy;   and   because  of  its 
lightness  and  strength  it  may  replace  iron  for  many  purposes. 

But  even  with  the  use  of  water  power  and  electrical 
reduction  of  aluminum,  the  cost  is  still  high.  At  the  present 
time  prices  range  from  thirty-five  to  forty  cents  a  pound, 
or  thirty-three  cents  a  pound  in  ton  lots.  Hence,  notwith- 
standing its  abundance,  this  metal  is  more  than  twice  as 
costly  as  copper.  So  long  as  no  method  is  discovered  to 
greatly  reduce  its  cost,  it  cannot  be  expected  that  aluminum 
will  be  widely  used  as  a  substitute  for  iron  and  copper. 

Concluding  Statements  in  Reference  to  the 
Metals 

In  conclusion,  in  reference  to  the  metals,  certain  general 
statements  should  be  made. 


aluminum 
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We  have  seen  that  the  losses  in  the  production  of  metals 
are  threefold.  First,  there  are  losses  in  connection  with 
mining.  We  have  suffered  much  in  the  past  by  neglect  of 
the  low  grade  material  and  by  leaving  behind  a  consider- 
able part  of  the  high  grade  ore.  Second,  there  are  losses  in 
extraction.  These  losses  have  been  greatly  reduced  in 
recent  years,  but  are  still  very  large  for  some  metals  and 
especially  zinc.  These  losses  are  mainly  in  the  tailings  but 
partly  in  the  slags.  Third,  there  are  losses  of  by-products, 
especially  arsenic  and  sulphur.  For  instance,  it  is  6aid 
that  at  Butte,  Montana,  the  loss  in  arsenic  by  neglect  of 
this  element  is  equivalent  to  10,000  tons  a  year,  which  at 
the  rate  of  fifteen  cents  a  pound  for  arsenic  trioxide,  repre- 
sents a  loss  of  $1,000,000  a  year. 


Laws 

required  to 
reduce  loss 
of  metals. 


Use  of 
by- 
products. 


REMEDIAL  LEGISLATION 

These  facts  suggest  remedial  legislation.  There  should  be 
legislation  to  prevent  loss  in  mining;  and  where  there  are 
low  grade  ores  not  at  present  available,  the  laws  should 
require  the  ground  to  be  so  left  that  these  products  may 
be  mined  in  the  future.  There  should  be  legislation  in 
reference  to  concentration  and  smelting,  requiring  that  the 
losses  be  reduced  to  a  minimum.  When  the  tailings  contain 
any  considerable  residuum  of  metal,  the  law  should  require 
that  they  be  stored.  There  should  be  laws  requiring  that 
by-products  be  saved.  We  have  already  seen  (pp.  28-29, 
66-61)  how  enormous  are  these  losses  in  the  cases  of  natural 
gas  and  the  manufacture  of  coke. 

In  general,  proposed  laws  requiring  the  utilization  of 
by-products  have  been  resisted  by  the  parties  concerned. 
That  fact  has  already  been  mentioned  with  reference  to  the 
gas  wasted  in  connection  with  the  extraction  of  petroleum. 
But  sometimes  when  a  law  has  been  passed  requiring  the 
utilization  of  by-products,  this  has  been  found  to  be  com- 
mercially profitable.  It  is  believed  that  this  will  be  true 
of  further  improvements.  Too  often  operators  have  been 
too  conservative  in  introducing  improvements.     According 
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to  James  Douglas,^  the  Vivians,  great  smelters  of  Swansea, 
Wales,  admitted  that  as  early  as  1881  they  had  in  one  year 
recovered  47  per  cent  of  the  sulphur,  which  had  produced 
3660  tons  of  sulphuric  acid  at  a  great  profit.  Yet  the  regu- 
lation which  compelled  them  to  do  this  was  passed  against 
their  bitter  opposition. 

Thus  it  is  clear  that  the  opposition  of  interested  parties 
to  the  savings  advocated  is  no  sufficient  reason  for  not 
passing  the  laws  suggested.  The  sole  criterion  in  reference 
to  this  matter  is,  —  do  the  principles  of  conservation  de- 
mand that  it  shall  be  done?  Do  the  needs  of  coming  genera- 
tions require  that  the  valuable  products  be  saved?  It  is 
often  very  difficult  to  make  a  business  man  appreciate  this 
point  of  view.  Indeed,  some  of  the  ablest  and  strongest 
business  men  of  the  country  in  charge  of  very  large  enter- 
prises have  often  been  exceedingly  shortsighted  in  this 
respect.  Not  infrequently  the  directors  of  a  corporation 
ask  that  they  have  large  returns,  "results,"  from  their 
manager;  and  results  mean  the  dividends  declared  that 
year.  They  do  not  appreciate  that  the  demand  for  large 
returns  the  current  year  may  be  a  mortgage  upon  the  re- 
sults to  be  secured  next  year  or  a  few  years  hence. 

In   this    connection   the   question   should   be  considered  Compara- 
whether  the  losses  are  larger  among  small  or  great  corporations,  ^^^lir^e^ 
There  has  been  a  marked  tendency  in  recent  years  for  the  size  and  smaU 
of  holdings  of  mineral  lands  to  increase.     This  is  very  decided,  op^rato". 
indeed,  in  the  case  of  iron  and  copper.     It  is  estimated  that  at 
least  two  thirds  of  the  high  grade  iron  ore  of  the  United  States 
is  owned  by  the  United  States  Steel  corporation.    Much  of 
the  copper  ore  is  held  by  a  few  large  companies.     What  is 
true  for  iron  and  copper  is  true  to  a  less  extent  for  lead,  zinc, 
silver,  and  gold,  although  there  is  no  such  approach  to  monop- 
oly as  in  the  case  of  iron  ore. 

What  is  the  relation  of  large  holdings  to  conservation? 
It  is  certain  that  the  larger  companies  have  been  far  less  waste- 
ful than  the  smaller  ones.     Managements  of  some  of  the  great 

»  "Conservation  of  Natural  Resources,"  by  James  Douglas,  Trans.  Am. 
Inst.  M.  E.,  May,  1909,  p.  441. 
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companies  are  considering  not  simply  the  coming  year,  or  five 
years,  or  ten  years,  but  the  coming  fifty  years  or  hundred 
years.  One  of  the  best  illustrations  of  this  farsightedness  is 
the  United  States  Steel  corporation. 

I  fully  realize  that  there  are  two  sides  to  the  question  of 
consolidation.  The  danger  is  that  the  great  corporations  will 
practice  extortion  upon  the  people  if  once  they  control  a  prod- 
uct by  a  monopoly  or  a  community  of  interests.  But,  as  has 
been  indicated  (pp.  44-46),  such  extortions  may  be  controlled 
by  regulation;  and  in  case  of  existing  large  holding  to  regu- 
lation we  should  look  to  protect  the  people  rather  than  to 
subdivision  of  holdings  and  competition. 

Another  class  of  laws  which  should  be  passed  is  in  reference 
to  the  classification  and  segregation  of  the  public  mineral  lands. 
In  this  connection  it  is  necessary  to  give  very  briefly  an  outline 
of  the  mineral  land  laws  of  the  United  States. 

By  an  ordinance  in  1785,  in  reference  to  the  mineral 
lands  of  the  ''western  Territory,"  there  was  to  be  reserved  to 
the  government,  "  one  third  part  of  all  gold,  silver,  lead,  and 
copper  mines,  to  be  sold,  or  otherwise  disposed  of  as  Congress 
shall  hereafter  direct." 

In  1807  a  provision  was  passed  authorizing  the  leasing  of 
lead  mines  in  Indiana  Territory.  Thus  there  was  a  beginning 
in  this  country  of  leases  for  mineral  property.  In  1816  it 
was  provided  with  reference  to  the  public  lands  of  the 
United  States  that  where  land  applied  for  contained  a  lead 
mine  "no  permission  to  work  the  same  shall  be  granted 
without  the  approbation  of  the  President  of  the  United 
States."  In  1829  the  first  steps  were  taken  to  abandon  the 
leasing  pohcy  of  mineral  properties  before  the  same  was 
fairly  inaugurated;  for  in  that  year  a  law  was  passed  for 
the  sale  of  the  reserved  lead  mines  and  contiguous  lands  in 
the  state  of  Missouri. 

The  abandonment  of  the  leasing  system  was  furthered  by 
a  message  to  Congress  of  President  Polk  in  1845,  which  rec- 
ommended the  repeal  of  the  leasing  system  for  mineral  lands 
and  their  sale  "upon  such  terms  as  Congress  in  their  wisdom 
may  prescribe."  President  Polk,  however,  added  the  clause, 
"reserving  to  the  government  an  equitable  percentage  of  the 
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gross  amount  of  mineral  product."  To  that  time  about 
1,000,000  acres  of  mineral  land  had  been  reserved  from 
sale.  Congress  accepted  the  first  clause  of  this  recommen- 
dation but  most  unfortunately  paid  no  attention  to  the 
second  clause. 

In  1846  mineral  lands  in  Illinois,  Arkansas,  Wisconsin,  and 
Iowa  were  ordered  by  Congress  to  be  disposed  of  by  public  sale 
at  a  minimum  price  of  $2.50  per  acre.  In  1847  the  President 
was  authorized  to  dispose  of  the  mineral  lands  of  the  Lake 
Superior  district  at  a  minimum  price  of  $5  per  acre;  and  in 
1850  an  act  was  passed  by  Congress  ordering  the  mineral 
lands  of  the  Lake  Superior  district,  including  Michigan  and 
Wisconsin,  to  be  sold  at  public  sale  in  the  same  manner  as 
other  public  lands,  and  with  the  same  rights  of  preemption. 
In  other  words  the  distinction  between  mineral  lands  and  non- 
mineral  lands  for  that  region  was  wiped  out.  By  these  acts 
Congress  surrendered  the  rights  of  the  people  in  the  enormous 
deposits  of  Lake  Superior  iron  and  copper.  No  one  can  esti- 
mate their  value;  but  it  is  certain  that  had  the  royalties  gone 
to  the  government  which  have  been  paid  by  individuals  or 
companies  to  fee  holders,  and  equivalent  amounts  from  op- 
erators who  own  their  own  fees,  the  total  royalties  would 
already  have  been  more  than  $100,000,000;  and  upon  the 
basis  of  present  known  reserves,  the  total  royalties  which  the 
government  would  receive  in  the  future  would  greatly 
exceed  $1,000,000,000.  And  there  is  no  reason  to  believe  the 
exaction  of  moderate  royalties  by  the  government  would  have 
prevented  the  development  of  the  Lake  Superior  country; 
for  why  should  a  royalty  paid  to  the  government  be  a  greater 
deterrent  to  development  than  a  royalty  paid  to  an  individual 
or  corporation? 

The  early  laws  concerning  the  western  part  of  the  United  Western 
States  exempted  mineral  lands  from  entry  under  the  ordinary  {^^^^J^ws. 
land  laws.  This  was  true  of  the  acts  of  1841,  1851,  and  1853. 
With  the  discovery  of  gold  in  California  there  grew  up  local 
regulations  in  reference  to  the  mining  claims  which  grad- 
ually settled  into  custom.  These  customs  were  later  recog- 
nized by  the   courts  and  in  many   cases  formulated  into 
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law  by  the  territories.  It  was  not  until  1866  that  Congress 
passed  a  general  law  in  reference  to  the  acquiring  of  mineral 
lands  in  this  western  region.  This  act  was  supplemented  and 
amended  by  the  general  mining  act  of  1872. 

Under  these  acts,  in  the  western  region,  lode  claims  were  sold 
at  the  rate  of  $5  per  acre,  and  placer  claims  at  $2.50  per  acre. 
A  lode  claim  may  Mt  be  more  than  1,500  feet  in  length  nor 
more  than  600  feet^de;  and  no  placer  claim  for  any  one 
person  or  association  of  persons  may  exceed  160  acres.  In 
1897  petroleum  and  oil  lands  were  ordered  to  be  disposed  of 
under  the  same  laws  as  placers. 

Neither  the  lease  system  nor  the  royalty  sjrstem  was  at- 
tempted in  the  Far  West.  Thus,  as  in  the  Mississippi  Valley 
and  in  the  Lake  Superior  district,  the  mineral  lands  were  al- 
lowed to  pass  into  private  hands  with  no  reservations.  Had 
the  wise  recommendation  of  President  Polk  been  adopted 
and  the  mineral  lands  disposed  of  subject  to  even  a  very  mod- 
erate royalty,  this  would  have  meant  to  the  government  and 
to  the  people  enormous  sums  of  money.  Since  the  year 
1900,  excepting  one  year,  the  mineral  products  of  the  United 
States  each  year  have  had  a  value  of  more  than  $500,000,- 
000,  and  in  1907  of  over  $900,000,000.  This  of  course  is  the 
value  of  the  smelted  product  and  not  of  the  ore,  but  had  a 
moderate  percentage  of  the  value  of  the  ore  been  exacted  as 
a  royalty,  the  income  to  the  government  in  recent  years  would 
have  been  many  millions  of  dollars  per  annum. 

Certainly  the  time  has  now  come  when  the  land  belonging 
to  the  United  States  should  be  classified  and  the  mineral  land 
segregated.  The  geological  surveys  of  the  various  states 
and  of  the  United  States  government  should  make  investi- 
gations so  that  the  mineral  bearing  areas  may  be  exactly 
outlined  and  the  amount  of  each  mineral  determined  as 
accurately  as  possible.  And  finally  all  of  the  mineral  lands 
now  retained  by  the  government  or  the  states  should  be  held 
perpetually  as  public  property.  Much  the  greater  part  of 
the  mineral  lands  formerly  belonging  to  the  government  or 
to  the  states  has  passed  into  private  hands.  The  remnant 
belonging  to  the  United  States  is  mainly  in  the  Rocky  Moun- 
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tain  region  and  in  Alaska.  The  mineral  lands  retained  by  the 
government  should  be  operated  upon  the  lease  system.  The 
advantages  of  such  retention  have  been  fully  explained  with 
reference  to  coal  (see  41-44),  and  the  same  principles  apply 
to  each  of  the  metallic  ores. 

These  conclusions  follow  from  the  facts  mentioned  at  the 
opening  of  the  treatment  of  the  metals,  that  for  their  manu- 
facture was  required  the  building  of  the  world;  man  cannot 
either  add  to  or  subtract  from  them,  and  therefore,  so  far  as 
they  have  not  passed  from  the  government,  they  should  be  re- 
tained by  it  for  the  people  of  all  generations. 

Before  concluding  with  the  metals,  the  question  of  exporta-  Exportation 
tion  should  be  considered.  At  the  present  time  a  very  large  ^^  *^^ 
part  of  the  copper  produced  and  relatively  small  amounts  of 
lead  and  zinc  are  exported.  Of  the  copper  produced  in  this 
country,  there  were  exported  in  the  year  1908  over  660,000,- 
000  pounds,  or  about  70  per  cent.  The  chief  exportations  of 
zinc  were  26,108  tons  of  high  grade  ore  valued  at  $877,745 
and  8,405  tons  of  zinc  dross  valued  at  $467,403. 

Since  our  supplies  of  metals  are  not  likely  to  be  sufficient  to 
last  the  people  of  this  country  for  centuries  to  come,  the  ques- 
tion certainly  should  be  raised  as  to  whether  there  should  be 
control  of  exportation.  At  the  present  time  it  is  not  advo- 
cated that  the  amount  exported  should  be  limited,  but  cer- 
tainly much  more  accurate  estimates  should  be  made  than  are 
now  available  as  to  the  probable  future  life  of  our  ores  and  the 
probable  future  demands  for  the  metals  in  this  country,  in 
order  that  we  may  have  available  the  data  upon  which  laws 
with  reference  to  exportation  may  be  formulated. 

In  extending  the  life  of  our  metals,  it  is  clear  that  in  addition  investiga- 
to  the  above  suggestions  every  other  possible  improvement  p^^J^J^^te 
should  be  made.    The  reduction  of  the  losses  of  recent  years  conserva- 
has  come  largely  as  a  consequence  of  investigations.     Investi-  ^^^^g 
gations  should  be  continued  by  the  nation,  the  states,  and  the 
individuals.   Says  Hohnes :  "  The  common  purpose  of  all  these 
investigations  must  be  to  indicate  (a)  how  we  can  prevent 
waste;  (6)  how  the  mineral  products  may  be  mined,  treated, 
and  used  with  greatest  efficiency;  (c)  how  the  more  abun- 
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THE   NON-METALLIC   RESOURCES 

The  non-metalhc  resources  include  structural  materials  such 
as  cement,  lime,  sand,  gravel,  stone,  slate,  clay;  abrasive  ma- 
terials such  as  mill  stone,  emery;  chemical  materials  such  as 
arsenic,  borax,  gypsum,  salt,  sulphur;  pigments  such  as  bary- 
tes;  and  miscellaneous  materials  such  as  asbestos,  asphalt, 
graphite,  magnesite,  etc. 

The  quantities  of  many  of  these  products,  unlike  the  mineral 
resources,  are  very  large;  indeed,  some  of  them,  from  the  point 
of  view  of  mankind,  are  inexhaustible.  For  instance,  in  the 
salt  mines  of  the  United  States,  in  the  salt  lakes,  and  in  the 
ocean,  is  a  suflBcient  supply  of  salt.  Similarly,  the  supply  of 
stone,  gravel,  and  sand  is  inexhaustible;  also  the  materials  for 
making  lime  and  cement.  To  these  products  the  principles  of 
conservation  do  not  require  any  limitation  in  their  use.  This 
statement  should  be  qualified  to  the  extent  that  the  richer 
deposits  should  not  be  recklessly  handled  or  wastefully  used. 

It  is  entirely  impossible  in  this  brief  course  to  treat  sepa- 
rately each  of  the  non-metallic  products;  and  indeed,  because 
of  their  abundance  such  treatment  is  not  necessary.  The  chief 
point  which  need  be  made  in  reference  to  them  is  as  to  their 
widest  use  and  development,  —  to  substitute  them  for  other 
materials  which  are  limited  in  quantity,  so  far  as  this  can  be 
done.  Thus  it  is  clear  that  structural  materials,  such  as 
stone  and  cement,  being  practically  illimitable  in  quantity, 
should  be  substituted  so  far  as  possible  for  materials  which 
are  limited  in  quantity.  Our  bridges  should  be  made  of  stone 
and  concrete  instead  of  iron,  although  there  may  be  a  certain 
amount  of  iron  reenforcement  in  the  concrete.  Our  houses 
should  be  made  of  stone  and  cement  and  brick  and  not  of 
wood.  We  are  the  only  civilized  country  which  uses  wood 
extensively  for  that  purpose.     This  we  have  done  in  the 

*  "  Production  and  waste  of  mineral  resourcee,"  J.  A.  Holmes,  An.  Am.  Ac. 
Pol.  and  Soc.  Sci.,  Vol.  XXXIII,  No.  3,  p.  686. 
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past  because  wood  has  been  so  cheap,  but  in  the  future  wood 
is  to  become  more  expensive;  and  even  from  an  economic 
point  of  view  it  will  be  cheaper  to  construct  buildings  of 
stone,  cement,  and  brick.  However,  we  should  not  wait 
until  that  time  to  develop  the  sentiment  that  the  abundant 
and  permanent  non-metallic  materials  be  used  for  all  build- 
ings, and  thus  save  our  wood  supply. 

Of  the  various  substances  mentioned,  some  are  exhaustible.  Sulphur 
and  in  such  cases  careful  use  is  required.  One  of  these  sub-  /^^uantitv 
stances  limited  in  quantity  is  sulphur.  Sulphur  is  required 
for  the  manufacture  of  sulphuric  acid,  a  compound  which  is 
very  important  in  the  arts.  Sulphur  occurs  in  this  country 
combined  with  the  metals  as  sulphides.  When  the  metals  are 
extracted  the  sulphur  should  be  saved  as  a  by-product. 

The  only  other  non-mineral  products  which  I  need  to  men- 
tion are  the  nitrates,  the  potassium  compounds,  and  the  phos- 
phates. These  are  used  as  fertilizers,  and  primarily  concern 
the  soil.  Therefore  they  will  be  treated  in  connection  with 
that  part  of  the  subject  rather  than  with  the  metals  (see 
pp.  316-339). 
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WATER,  whOe  not  ordinarily  thought  of  as  a  mineral, 
under  the  broadest  definition  of  that  term  is  included. 
Whether  water  be  classed  as  a  mineral  or  placed  by  itself,  it 
is  by  far  the  most  important  of  all  the  non-organic  products  of 
the  world,  —  more  important  even  than  coal  or  iron,  —  more 
unportant  from  the  point  of  view  of  mankind,  indeed,  than  all 
of  the  metals.  Water  is  the  basis  of  life.  On  the  average  the 
plant  tissue  of  annuals  is  three  fourths  water,  and  of  peren- 
nials, three  eighths.  Animals,  including  human  beings,  are 
80  per  cent  water.  The  very  brain  is  four  fifths  water;  the 
cerebellum,  about  80  per  cent,  the  white  matter  somewhat 
less  than  80  per  cent,  but  the  gray  matter,  supposed  to  be  the 
thinking  part,  83.5  per  cent,  —  a  larger  proportion  than  in 
the  average  of  the  body.  This,  of  course,  is  a  commonplace 
with  students  of  biology;  but  it  is  worth  reflecting  about 
that  the  brain  which  has  developed  in  man  through  thou- 
sands of  years,  the  animal,  the  first  in  this  world  that  has 
asked  the  meaning  of  the  order  of  nature,  and  has  asked  the 
significance  of  his  own  destiny,  is  mainly  composed  of  water. 
Not  only  are  organic  tissues  in  very  large  measure  composed 
of  water,  but  for  their  production  is  required  many  times 
their  weight  in  water.  According  to  Erlanger,  the  average 
man  of  150  pounds  ingests  each  year  about  264  gallons  of 

*  The  facts  in  reference  to  Part  II  are  largely  derived  from  three  sources: 
the  Annals  of  the  American  Academy  of  Political  and  Social  Science.  Vol. 
XXXIII,  pp.  521-602;  The  Report  of  the  National  Conservation  Com- 
mission, Vol.  I,  pp.  39-49,  and  Vol.  II,  pp.  10-178,  Washington:  Government 
Printing  Office,  1909;  Preliminary  Report  of  Inland  Waterways  Commission. 
Washington:  Government  Printing  Office,  1908. 
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water  or  35  cubic  feet,  the  weight  of  which  is  more  than  a 
ton. 

According  to  Stoddart,  to  produce  a  bushel  of  corn  requires 
through  necessary  evaporation  from  the  soil  and  transpira- 
tion of  the  plants,  from  10  to  20  tons  of  water.  According  to 
King,  in  Wisconsin,  the  amount  of  water  required  for  evapora- 
tion and  transpiration  to  produce  one  pound  of  dry  matter 
for  various  crops  varies  from  270  pounds  to  576  pounds, 
with  an  average  for  six  kinds  of  crops  of  446  pounds.  To  pro- 
duce a  ton  of  dry  clover  requires  576  tons  of  water.  Accord- 
ing to  McGee,  to  produce  a  pound  of  beef  requires  directly, 
and  indirectly  through  the  feed,  15  to  30  tons  of  water.  Thus 
we  see  not  only  is  water  the  most  important  constituent  of 
organisms,  but  for  their  development  vastly  more  water 
is  required. 

Water  is  so  common  in  the    humid  regions  that  the  in-  in  arid 
habitants  do  not  appreciate  its  importance.     One  must  go  ^^sjons 
to  the  arid  land  to  get  a  proper  conception  of  the  value  of  limiting 
water.     There  it  is  the  limiting  factor  of  life.     As   many  ^^°*°^ 
plants  grow  as  the  scanty  water  can  supply  with  drink; 
they  are    separated    from   one    another    by  open    spaces. 
The  animals,  likewise,  are  relatively  few.     Trails  converge 
from  various  directions;    we  expect   to  find  a  city,  —  we 
find  a  water  hole  or  a  spring.     I  remember  well  my  amaze- 
ment at  the  unbounded  enthusiasm  of  an  inhabitant  of  the 
arid  region   when   I  visited    with    him  a   clear  mountain 
stream.     For  the  first  time  I  appreciated  the  importance  of 
water.    When  I  returned  to  the   humid  regions  and   saw 
our  lakes  and  rivers  full  of  water  largely  unused,  it  seemed 
reckless  extravagance. 

Until  I  had  experience  in  an  arid  region,  I  had  no  con-  Water  and 
ception  of  the  force  of  the  imagery  of  the  Bible,  ''Let  him  ^^\^^^^^^ 
that  is  athirst  come;    and  whosoever  will,  let  him  take  of  Bible, 
the  water  of  life  freely."     "My  soul  thirsteth  for  thee;  my 
flesh  longeth  for  thee  in  a  dry  and  thirsty  land,  where  no 
water  is."     "My  soul  thirsteth  for  God,  for  the  living  God." 
"As  the  hart  panteth  after  the  water  brooks,  so  panteth 
my  soul  after  thee,  0  God."     It  is  to  be  remembered  that 
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Palestine  is  a  dry  region.  The  authors  of  the  Scriptures, 
when  referring  to  water,  used  the  strongest  figures  fur- 
nished by  their  experience.  In  no  other  way  could  they  so 
well  express  the  intensity  of  their  feeling. 

THE  SOURCE  OF  WATER 

The  ultimate  source  of  water  is  the  ocean.  The  water 
evaporates  from  the  sea  through  the  heat  of  the  sun,  is 
carried  by  the  atmosphere  over  the  land,  and  is  precipitated 
upon  the  earth  in  the  form  of  rain,  snow,  hail,  and  dew. 
Water  once  precipitated  may  be  again  evaporated  and  re- 
precipitated.  And  thus  the  water  which  leaves  the  ocean, 
before  it  returns  to  it  through  the  streams,  may  have  been 
evaporated  and  precipitated  several  times. 
Supply  of  Water  is  different  from  all  the  other  minerals  in  that  its 

supply  is  ever  renewed;  that  is,  as  fast  as  it  goes  down 
to  the  ocean,  it  is  restored  to  the  land  through  evaporation 
and  precipitation.  While  there  are  very  slow  climatic 
changes  by  which  a  region  once  humid  may  become  arid, 
or  an  arid  region  become  humid,  these  changes  are  so  slow 
as  to  be  negligible;  and  therefore,  as  a  matter  of  practical 
expediency,  we  may  consider  the  supply  of  water  available 
as  permanent  and  unchanging.  Hence  our  duty  concern- 
ing water  is  very  different  from  that  in  reference  to  other 
minerals;  we  should,  so  far  as  possible,  substitute  it  for 
other  materials.  The  problem  of  the  conservation  with 
reference  to  water  is  its  fullest  utilization. 

THE  AMOUNT  OF   WATER 

In  estimating  amounts  of  water,  different  units  have  been 
used,  —  the  cubic  foot,  cubic  mile,  acre  foot  (that  is  the 
amount  of  water  required  to  cover  an  acre  to  the  depth 
of  one  foot),  the  cubic  meter,  and  the  kilostere  or  1000 
cubic  meters.*  One  kilostere  equals  about  1000  tons,  or 
four  fifths  of  an  acre  foot. 

^  The  statements  below  as  to  the  precipitation  in  the  different  parts  of  the 
United  States  are  taken  from  Water  as  a  Resource,  by  W  J  McGee,  An. 
Am.  Ac,  VoL  XXXUI,  No.  3,  pp.  521-634. 
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The  mean  annual  rainfall  of  the  United  States  is  about 
thirty  inches.  Using  tliis  as  a  basis  for  calculation,  it  fol- 
lows that  the  total  quantity  of  water  falling  upon  the  United 
States,  including  the  water  areas,  is  215,000,000,000,000 
cubic  feet.  This  is  equivalent  to  about  1500  cubic  miles, 
or  6,000,000,000  kilosteres,  or  5,000,000,000  acre  feet,  or 
putting  it  another  way,  equivalent  to  ten  Mississippi  Rivers. 

Of  this  precipitation  more  than  half  is  east  of  the  95th 
meridian;  that  is,  it  is  in  the  humid  region  of  the  United 
States-  For  this  region  the  average  precipitation  is 
forty-eight  inches,  and  the  quantity  is  estimated  at 
140,000,000,000,000  cubic  feet,  or  1000  cubic  miles,  or 
4,000,000,000  kilosteres. 

Between  the  95th  meridian  and  the  103d  meridian  is  the 
semi-humid  region.  There  the  average  precipitation  is 
thirty  inches;  and  this  aggregates  40,000,000,000,000  cubic 
feet,  or  285  cubic  miles,  or  1,140,000,000  kilosteres. 

The  remainder  of  the  United  States,  about  two  fifths  of 
the  country  west  of  the  103d  meridian,  includes  the  arid 
lands.  The  average  precipitation  of  this  region  is  only 
about  twelve  inches  per  annum,  which  amounts  to 
35,000,000,000,000  cubic  feet,  or  250  cubic  miles,  or 
1,000,000,000  kilosteres. 

This  great  quantity  of  water  is  received  each  year.  The 
question  arises  as  to  what  becomes  of  it.  Of  the  water 
which  falls  upon  the  land,  substantially  one  half  soon 
evaporates,  and  this  by  McGee  has  been  called  the  fly-off, 
because  it  almost  directly  is  returned  to  the  atmosphere. 
About  one  sixth  of  the  water  is  consumed  by  the  plants, 
or  goes  far  enough  below  the  surface  to  join  the  under- 
ground water;  this  McGee  calls  the  cut-off.  The  remain- 
ing one  third  of  the  water  passes  into  the  rivers  and  thence 
into  the  sea;  this  is  the  run-off. 

I  shall  consider  each  of  these  divisions, 
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THE  FLY-OFF 

The  fly-off  comprises  about  110,000,000,000,000  cubic 
feet,  or  750  cubic  miles,  or  3,000,000,000  kilosteres.  While 
this  amount,  as  has  been  said,  evaporates  with  no  direct 
use  by  man,  or  indirect  use  by  him  through  the  plants,  it 
does  have  an  influence  upon  the  humidity  of  the  atmos- 
phere. If  it  were  not  for  this  enormous  amount  of  water 
supplied  by  the  land,  the  quantity  supplied  by  the  ocean 
would  be  entirely  inadequate  to  give  conditions  of  hu- 
midity to  the  atmosphere,  resulting  in  abundant  precipita- 
tion. Therefore  the  great  service  of  the  fly-off  is  that  it, 
passing  into  the  atmosphere  and  added  to  the  water  directly 
received  from  the  ocean,  makes  the  conditions  favorable 
for  precipitation.  The  fly-off  is  thus  restored  in  large 
measure  to  the  soil,  to  be  again  divided  between  the  fly-off, 
cut-off,  and  run-off.  It  is  plain  that  if  the  total  precipita- 
tion is  as  has  been  given,  and  only  one  third  of  it  goes  to 
the  sea  in  streams,  approximately  two  thirds  of  the  total 
precipitation  is  derived  from  water  which  once  falls  and 
again  goes  into  the  atmosphere,  for  the  run-off  is  the  measure 
of  the  amount  which  is  newly  contributed  by  the  ocean. 

The  speed  of  evaporation  depends  upon  the  nature  of 
the  surface,  upon  the  temperature,  and  upon  the  humidity 
of  the  atmosphere.  Where  the  surface  is  porous  and  the 
openings  are  moderately  small,  so  that  capillary  action 
readily  takes  place,  the  water  is  continually  drawn  to  the 
surface  and  evaporation  goes  on  \\'ith  extreme  rapidity. 
If,  on  the  other  hand,  the  upper  part  of  the  ground  has 
openings  larger  than  those  of  capillary  size,  the  water  is 
not  so  rapidly  drawn  to  the  surface  and  evaporated.  This 
is  the  principle  which  controls  the  action  of  the  farmer 
who,  immediately  following  a  rain  in  those  regions  where 
water  is  a  limiting  factor  in  agriculture,  cultivates  the  land 
and  so  breaks  up  the  capillary  openings  near  the  surface. 
This  practice  is  general  in  the  fruit  orchards  of  California. 
The  best  results  are  reached  if,  after  the  surface  is  broken 
so  as  to  give  coarse  openings  for  a  short  distance  below, 
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a  roller  or  drag  is  used,  heavy  enough  to  make  a  smooth, 
layer  of  soil-dust  at  the  top.  Under  these  conditions  capil- 
larity draws  the  water  to  the  subsurface  where  the  roots 
of  the  plants  feed,  but  its  rising  to  the  surface  is  largely 
prevented  by  the  thin  zone  of  material  where  the  openings 
are  of  supercapillary  size. 

The  amount  of  evaporation  also  depends  upon  the  tem- 
perature. In  those  parts  of  the  country  where  the  average 
temperature  is  high,  evaporation  goes  on  much  more  rapidly 
than  in  the  colder  regions.  Finally,  the  amount  of  evapora- 
tion depends  upon  the  humidity  of  the  atmosphere.  In 
those  regions  where  the  atmosphere  is  very  dry,  evapora- 
tion goes  on  with  great  rapidity,  whereas  in  the  areas  in 
which  the  atmosphere  is  often  saturated  with  moisture, 
the  evaporation  is  slow.  It  is  thus  plain  that  the  very 
poverty  of  tKe  arid  regions  in  water  makes  their  relative 
losses  greater  than  in  the  humid  regions,  because  of  the 
greater  dryness  of  the  atmosphere. 

THE  CUT-OFF 

The  cut-off  is  35,000,000,000,000  cubic  feet,  or  250  cubic 
miles,  or  1,000,000,000  kilosteres.  This  is  the  water  which 
goes  underground.  The  water  absorbed  by  the  earth  is 
consumed  by  natural  vegetation  or  that  produced  through 
agriculture,  or  it  joins  the  subterranean  reservoir. 

THE  USE   OF  WATER  BY  PLANTS 

The  underground  water  is  the  medium  which  dissolves  Transiiira- 
the  earth's  salts  and  conveys  them  to  the  roots  of  the  ^^^^^^ 

"^  .  .  water  by 

living  plants;  it  is  the  source  of  the  plant  circulation.  The  plants, 
larger  part  of  the  water  which  goes  underground  is  used  in 
the  growth  of  vegetation  and  is  finally  evaporated.  This 
water  absorbed  by  the  roots  is  carried  up  the  trunks  of 
the  trees  and  the  stems  of  plants  to  the  leaves,  and  by  the 
leaves  it  is  transpired.  The  amount  of  water  evaporated 
through  the  medium  of  vegetation  depends  upon  the  den- 
sity of  the  vegetation,  upon  the  humidity,  upon  the  tern- 
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perature,  and  upon  the  length  of  the  growing  season.  It 
varies  from  a  very  large  amount  in  the  warm,  humid  regions 
such  as  the  Everglades  of  Florida,  to  a  very  small  amount 
in  the  arid  regions  where  the  vegetation  is  sparse.  Indeed, 
the  amount  of  water  which  is  available  to  the  plants  is  their 
limiting  factor.  Given  proper  conditions  of  temperature, 
if  the  water  is  sufficient,  the  vegetation  is  luxuriant.  Often 
in  the  tropics  where  there  is  abundant  rains,  the  forests  are 
almost  impenetrable.  The  same  is  true  of  the  well-watered 
slopes  of  the  Pacific  ranges  of  Washington,  Oregon,  and 
California.  According  to  Stoddart,  the  transpiration  of  the 
forests  through  the  foliage  in  the  growing  season  vanes 
under  different  conditions  from  1000  to  20,000  pounds  of 
water  per  day  per  acre.  The  same  authority  states  that 
the  transpiration  of  the  foliage  of  maize  in  the  produc- 
tion of  a  bushel  of  corn  probably  averages  about  5000 
pounds. 

In  the  arid  regions  the  plants  are  small  in  size  and  sparsely 
distributed.  The  bunch  grass,  the  sage  bush,  the  grease- 
wood,  the  salt  bush,  the  yucca,  the  paloverde,  the  cactus, 
are  usually  separated  so  far  from  one  another  that  one 
can  readily  walk  or  ride  between  them.  Also  they  are 
abstemious  water  users.  A  great  many  of  them  are  leafless 
or  nearly  so,  the  stems  of  the  plants  having  a  green  color 
and  serving  the  place  of  leaves  as  in  the  case  of  the  palo- 
verde. And  often  when  the  plants  have  leaves  they  are 
small  and  narrow  and  hang  in  diagonal  positions  so  that 
the  rays  of  the  sun  largely  strikes  them  on  the  edges  rather 
than  upon  their  faces.  This  sparseness  of  plant  life  is 
necessary  because  there  is  not  enough  water  below  the 
surface  so  that  more  may  live;  as  many  grow  as  can 
possibly  find  water.  As  we  travel  in  the  desert  we  find 
many  of  even  these  hardy  and  abstemious  plants  stunted 
and  half  dead  from  thirst. 
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THE  RESERVOIR   OF  UNDERGROUND   WATER 

The  water  which  goes  underground  and  is  not  evaporated  The  level 
through  vegetation  joins  the  reservoir  of  underground  water,  ^q^^^^^' 
For  the  larger  portion  of  this  country,  if  a  hole  be  bored  into  water, 
the  earth,  underground  water  will  be  found  at  a  reasonable 
depth,  in  the  humid  regions  comparatively  near  the  surface, 
in  the  arid,  much  deeper.     The  place  at  which  water  is  en- 
countered is  known  as  the  level  of  ground  water,  or  the  water 
table.     The  level  of  underground  water  varies  from  the  sur- 
face in  the  case  of  the  swamps  and  marshes  to  hundreds  of 
feet  or  even  1000  or  more  feet  below  the  surface.     Commonly, 
however,  in  the  eastern  humid  part  of  the  United  States  the 
level  of  underground  water  is  found  at  depths  less  than  100 
feet. 

Below  the  level  of  underground  water,  all  the  cracks  and  Amount  of 
openings  of  the  rocks  down  to  the  depths  in  which  there  are  ^^^^^^ 
practically  no  cracks  are  filled  with  water.  In  the  more  water. 
porous  rocks  the  space  occupied  by  the  water  may  be  20 
per  cent  or  more  of  the  volume.  McGee  estimates  that 
the  amount  of  water  contained  in  this  subsurface  belt  to 
the  depth  of  100  feet  is  equivalent  to  a  solid  mass  of  water 
over  the  United  States  17  feet  deep.  He  estimates  that 
the  belt  contains  over  1,400,000,000,000,000  cubic  feet,  or 
11,000  cubic  miles,  or  40,000,000,000  kilosteres.  This  is 
equal  to  the  entire  rainfall  of  the  United  States  for  seven 
years,  or  the  run-off  for  twenty  years.  The  most  conserva- 
tive estimate  of  the  entire  amount  of  underground  water 
in  the  outer  zone  of  the  earth  to  the  depth  to  which  frac- 
tures extend  is  that  by  Fuller.  According  to  him  this  is 
equivalent  to  a  solid  belt  of  water  ninety-six  feet  in  depth. 
Other  estimates  exceed  this  by  several  to  many  times.  It 
thus  appears  that  on  a  very  conservative  estimate  we  have 
stored  in  the  so-called  zone  of  fracture  of  the  earth  at  least 
the  equivalent  of  the  total  precipitation  from  the  atmos- 
phere for  a  period  of  forty  years  and  the  equivalent  of  the 
run-off  for  more  than  one  hundred  years. 
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The  underground  water  is  the  source  of  all  the  springs 
and  wells,  cold  and  hot,  natural  and  artificial.  The  inesti- 
mable importance  of  the  underground  water  supply  is 
appreciated  when  it  is  known  that  probably  three  fourths 
of  the  population  of  the  country  obtain  their  water  for 
domestic  purposes  from  this  source.  Also  underground 
water,  obtained  by  artesian  wells  or  by  pumping,  is  exten- 
sively used  for  irrigation.  As  states  which  well  illustrate 
this  use  are  Florida,  California,  Kansas,  and  the  Dakotas. 
Mendenhall  estimates  that  the  total  amount  of  water  drawn 
from  underground  in  the  United  States  is  equal  to  the 
volume  of  the  Potomac  River  at  Point  of  Rocks,  Maryland, 
or  the  Colorado  at  Yuma,  Arizona.  This  volume  is  some- 
what less  than  one  per  cent  of  the  total  run-off  of  the  United 
States. 

The  water  used  by  plants,  already  mentioned,  comes  in 
good  measure  from  this  reservoir.  You  who  have  studied 
biology  appreciate  that  wherever  you  see  a  forest  above 
the  ground,  there  is  another  forest  of  roots  below  the  ground; 
where  there  is  a  com  field  above  the  ground,  there  is  a  plexus 
of  roots  of  almost  equal  magnitude  below.  Frequently,  the 
plants  in  the  arid  region  have  a  much  larger  volume  of  roots 
than  branches  and  foliage.  This  is  because  of  the  necessity 
of  extending  their  roots  far  and  wide  in  their  search  for 
water.  The  roots  of  such  plants  as  alfalfa  go  deep  into  the 
soil  as  compared  with  the  height  of  the  plant.  Says  Van 
Dyke,  "The  roots  of  the  greasewood  and  the  mesquite  are 
almost  as  powerful  as  the  arms  of  an  octopus,  and  they  are 
frequently  three  times  the  length  of  the  bush  or  tree  they 
support.  They  will  bore  their  way  through  rotten  granite 
to  find  a  damp  ledge  almost  as  easily  as  a  diamond  drill; 
and  they  will  pry  rocks  from  their  foundations  as  readily  as 
the  wistaria  wrenches  the  ornamental  woodwork  from  the 
roof  of  a  porch.  They  are  always  thirsty  and  they  are 
always  running  here  and  there  in  the  search  for  moisture. 
A  vertical  section  of  their  underground  structure,  revealed 
by  the  cutting  away  of  a  river  bank  or  wash,  is  usually  a  great 
surprise.     One   marvels    at   the   great    network   of    roots 
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required    to    support   such    a   very   little    growth    above 
ground."  ^ 

It  is  estimated  by  McGee  that,  by  injudicious  farming  Lowering  of 
and  deforestation,  the  water  table  has  been  lowered  in  the  ^^*®'  **^^®* 
eastern  part  of  the  United   States  by  from  ten  to  forty 
feet.     Indeed,  he  estimates  that  of  the  shallow  wells  and 
springs  in  this  part  of  the  country,  at  least  three  fourths 
have  failed.     The  springs  have  dried  up;  the  small  brooks 
have  ceased  to  flow ;  the  wells  have  been  sunk  to  lower  levels. 
/      In  this  matter  we  have  an  exceptional  situation  with  Waste  of  un- 
I  reference  to  water  which  is  somewhat  analogous  to  that  of  ^erground 
1  the  minerals.     We  are  using  the  supplies  of  the  past  and 
'  not  restoring  an  equal  amount.     This  we  are  doing  to  some 
extent  because  of  our  present  need ;  but  also  more  wells  are 
drilled  in  many   artesian   areas  than  are  necessary;   and 
when  they  are  not  in  use,  which  is  often  the  larger  part  of 
the  year,  the  water  from  them  is  allowed  to  run  off  freely. 
Usually  it  is  not  realized  that  such  waste  lessens  the  head 
and  makes  available  a  smaller  amount  when  water  is  again 
\  needed.     This  waste  of  underground  water  is  analogous  to 
\  the  waste  of  natural  gas.     Strange  as  it  may  appear,  waste 
of  this  kind  is  allowed  to  continue  not  only  in  humid  regions 
where  water  is  not  appreciated,  but  in  arid  regions  where 
it  is  of  such  fundamental  importance.     Such  waste  should 
be  prohibited  by  law  and  the  law  should  provide  means  for 
its  enforcement. 

Already  strict  laws  exist  in  a  number  of  states  of  the 
West;  this  is  illustrated  by  the  state  of  California.  It  is 
clear  that  laws  preventing  waste  of  underground  water  are 
constitutional  upon  substantially  the  same  grounds  as  are 
the  laws  with  reference  to  waste  of  natural  gas.  This  is 
clearly  indicated  by  decisions  which  have  been  rendered  in 
various  courts.^ 

It  is  important  to  get  into  the  ground  a  sufficient  amount  How  to 
of  water  so  that  the  water  table  will  be  maintained  at  a  ^nd«r-*^' 

1  John  C.  Van  Dyke,  "  The  Desert,"  p.  136.  ground. 

^  "  The  Conservation  of  our  Natural  Resources  and  of  our  National  Strength 
and  Virility,"  A.  A.  Bruce,  Pennsylvania  Law  Review,  Vol.  58,  pp.  149,  151, 
169. 
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convenient  depth.  This  is  especially  important  in  the  arid 
and  semi-arid  regions;  for  there  often  the  underground  water 
is  the  only  certain  source  of  this  element  for  domestic  pur- 
poses and  for  irrigation. 
^  In  various  places  in  the  West,  and  especially  where  the 
underground  water  has  been  drawn  upon  heavily  for  irriga- 
tion, as  in  the  fruit  ranch  district  of  southern  California,  the 
level  of  the  underground  water  has  been  seriously  lowered, 
in  some  cases  as  much  as  from  ten  to  forty  feet.  In  this 
region,  notwithstanding  national  forests  and  great  storage 
reservoirs,  at  times  of  flood  a  large  amount  of  water  has 
been  allowed  to  go  down  to  the  sea.  The  streams  gain  their 
water  in  the  mountains  from  which  they  emerge  to  the  low- 
lands through  caftons.  At  the  mouths  of  the  cafions  are 
great  coarse  alluvial  cones.  Recently  a  concrete  headgate 
has  been  placed  across  the  Santa  Ana,  the  largest  of  the 
rivers  of  the  San  Bernardino  range,  so  that  at  times  of  flood 
the  water  may  be  diverted  from  its  bed  and  spread  over 
the  sand  and  gravel  of  the  cone;  the  water  is  rapidly  absorbed 
by  this  coarse  material  and  passes  imderground.  In  this 
way  the  level  of  the  underground  water  in  the  San  Ber- 
nardino basin  has  been  raised  a  foot,  notwithstanding  the 
increasing  demand  upon  the  underground  reservoir.'  This 
method  of  preventing  water  from  flowing  to  the  sea  in  arid 
regions,  where  the  streams  come  out  of  cafions  at  the 
mouths  of  which  are  alluvial  cones,  is  likely  to  have  a  wide 
extension  in  the  West. 

The  above  is  a  somewhat  special  method  of  getting  the 
precipitation  underground.  On  a  much  wider  scale  increas- 
ing the  proportion  of  precipitation  which  goes  underground 
may  be  accomplished  by  covering  the  earth  with  vegeta- 
tion, by  contour  plowing,  and  by  cultivating  in  such  a  man- 
ner as  to  leave  a  rough  surface. 
Distribution  In  conclusion,  in  reference  to  the  cut-off,  it  has  been  seen 
cut-off  ^^^^  ^^  ^^  ^^^  medium  through  which  plants  are  fed,  and 

that  the  larger  proportion  of  the  water  escapes  into  the  at- 

* "  The  Water  Savers,"  Walter  V.  Wceklke,  OuOooK  Aprfl,  1910,  pp.  665. 
666. 
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mosphere  through  vegetation.  Another  portion  of  it  reaches 
the  surface  from  the  underground  reservoir  either  naturally- 
through  springs,  or  artificially  through  wells,  and  is  there 
evaporated  or  else  joins  the  run-off. 

From   the  foregoing  it   is    plain    that   the   undergound  Circulation 
water  has  a  continuous  and  extremely  complicated  circula-  °^  "^^er- 
tion,    and   during   its    circulation   performs  various  highly  water, 
important  functions.     What  has  been  given  is  no  more  than 
an  exceedingly  rough  outline  sketch  of  its  work.    Sooner  or 
later  the  water  which  goes  underground  joins  the  fly-off  or 
the  run-off.     The  diversion  of  any  given  part  of  water  from 
these  forms  may  be  very  brief  or  it  may  be  thousands  of 
years. 

THE   RUN-OFF 

The  annual  run-off  of  the  United  States  is  about 
70,000,000,000,000  cubic  feet,  500  cubic  miles,  or 
2,000,000,000  kilosteres.  One  third  of  this  escapes  to  the 
sea  through  the  Mississippi  River. 

This  run-off  is  available  for  the  following  purposes :  — 

1st,  for  water  supply;  2d,  for  water  power;  3d,  for  naviga- 
tion; 4th,  for  irrigation. 

The  use  of  water  for  one  of  these  purposes  does  not  Use  of 
necessarily  prevent  its  use  for  another.     Thus  the  water  same  water 
used  in  cities  usually  goes  back  into  the  streams  or  the  several 
lakes,  and  may  be  used  for  water  power,  irrigation,  or  navi-  P^poses. 
gation.     Similarly,  water  which  is  used  for  water  power  may 
be  used  for  domestic  purposes,  navigation,  or  irrigation. 
These  various  uses  supplement  one  another.     Mendenhall 
gives  the  Santa  Ana  River  of   southern   California  as   an 
excellent  illustration  of  the  use  of  water  a  number  of  times. 
There  the  water  is  first  used  for  power,  then  for  municipal 
and  irrigation  purposes  at  Redlands  and  Highlands,  then 
largely  recovered  by  means  of  springs  and  flowing  wells  for 
San  Bernardino  and  Riverside.     A  part  of  the  water  re- 
emerges  into  the  river  at  Riverside  Narrows,  where  it  is 
again  used  for  irrigation;  and  after  this  a  part  of  it  is  again 
recovered  by  pumping.     But  little  of  it  reaches  the  sea. 
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Mendenhall  thinks  that  the  same  particle  of  water,  in  its 
course  from  the  headwater  of  the  stream  toward  the  sea, 
may  have  been  used  as  many  as  eight  times  for  power,  irri- 
gation, or  domestic  purposes,  although  of  course  the  average 
use  is  less  than  this. 

Of  the  run-off,  it  is  estimated  that  one  seventh  of  one  per 
cent  is  used  for  municipal  or  community  purposes.  It  is 
supposed  that  about  2  per  cent  of  the  whole  of  the  run-off, 
or  10  per  cent  of  that  in  the  arid  and  semi-arid  regions,  is 
used  for  irrigation  purposes.  It  is  supposed  that  about 
5  per  cent  is  used  for  navigation,  and  that  less  than  5  per 
cent  is  used  for  water  power.  Thus  it  is  clear  that  more 
than  75  per  cent,  and  some  estimates  go  as  high  as  85  or 
90  per  cent,  of  the  run-off  is  not  used  for  any  of  these  pur- 
poses. It  is  evident,  if  this  is  true,  even  taking  the  con- 
servative figure  of  75  per  cent,  that  there  is  opportunity 
for  vast  improvement  in  the  utilization  of  the  run-off. 
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Water  for  water  supply  include  that  used  for  domestic 
purposes,  and  also  that  used  for  manufacturing,  street 
sprinkling,  etc.  This  is  the  highest  use  of  water.  If  there 
is  a  conflict  between  the  use  of  water  for  water  supply  and 
any  other  use,  water  supply  should  take  precedence.  The 
most  frequent  conflict  is  with  irrigation;  but  as  has  been 
said,  it  is  frequently  possible  to  use  water  first  for  domestic 
purposes  and  then  for  irrigation  or  some  other  purpose; 
but  not  infrequently  its  use  for  irrigation  must  be  stopped 
until  it  has  been  used  for  municipal  purposes.  An  illustra- 
tion of  this  is  at  Los  Angeles,  where  pumping  underground 
of  water  in  the  Los  Angeles  River  basin  for  irrigation  was 
prohibited,  since  this  lessened  the  flow  of  the  Los  Angeles 
River,  the  rights  to  the  water  of  which  the  city  owned. 

According  to  Leigh  ton,  in  1908,  there  were  catchment 
areas  for  water  supply  of  cities  aggregating  1,000,000  acres, 
representing  an  investment  of  $250,000,000.  The  popula- 
tion so  supplied  with  water  approached  10,000,000.     The 
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annual  consumption  of  this  water  for  these  catchment  areas, 
he  places  at  37,500,000,000  cubic  feet,  or  one-twentieth  of 
1  per  cent  of  the  run-off.  In  these  cities  there  are  used 
upon  an  average  3750  cubic  feet  per  inhabitant  per  annum, 
or  more  than  10  cubic  feet  per  day. 

At  the  present  time  there  are  in  progress  of  construction 
great  enterprises  which  well  illustrate  the  expense  which 
may  be  necessary  to  supply  cities  with  water.  The  city 
supply  of  Los  Angeles  is  to  be  conveyed  from  Owens  River 
by  an  aqueduct  225  miles  in  length.  Great  reservoirs  are 
to  be  built,  one  of  the  dams  of  which  is  140  feet  high.  The 
cost  of  the  work,  exclusive  of  distributing  system,  will  be 
$25,000,000.  The  daily  capacity  will  be  258,000,000  gallons. 
Power  will  be  developed  along  the  line  of  the  aqueduct  to 
the  extent  of  49,000  horse  power. 

For  San  Francisco  water  is  to  be  taken  from  Tuolumne 
River  and  Eleanor  Creek  and  carried  through  an  aqueduct 
182  miles  long.  The  area  of  the  watershed  is  over  450 
square  miles.  Two  reservoirs  are  to  be  constructed,  one  of 
which  is  to  have  a  dam  150  feet  high.  The  estimated  cost  of 
this  work,  exclusive  of  the  distributing  system,  is  $30,000,000. 
The  daily  capacity  will  be  60,000,000  gallons. 

The  additional  supply  now  being  constructed  for  New 
York  City  will  be  derived  from  a  drainage  area  of  over  900 
square  miles.  The  works  will  furnish  500,000,000  gallons 
per  day.  The  estimated  expense  of  all  the  work  in  con- 
nection with  same  is  almost  $100,000,000. 

It  is  related  that  once  a  group  of  Zunis  visited  the  Eastern  The  Zunis 
states  and  saw  all  the  wonders  of  our  civilization.  When,  ^^  water, 
after  having  seen  everything  remarkable  that  could  be 
shown  them,  they  were  asked  which  was  the  strangest, 
they  said  that  the  most  wonderful  thing  that  the  white 
man  had  accomplished  was  his  ability  to  open  a  faucet 
anywhere  and  have  flow  from  it  a  stream  of  water.  Not 
infrequently  the  Zunis  from  their  dwellings  must  climb 
down  hundreds  of  feet  into  a  canon,  and  there  place  a 
jar  under  an  opening  from  which  slowly  trickles  the  water, 
sometimes  drop  by  drop. 
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THE  WATER  POWERS 
THE  WATER  POWER   AVAILABLE 

In  1908,  according  to  the  United  States  Census  Bureau, 
there  were  developed  in  the  United  States  5,356,680  horse 
power  from  water.  The  distribution  of  this  power  is  shown 
by  the  following  table  from  Leighton:  — 

Table  Showing   Number   op   Wheels   and   Dsteloped   Wateb 
Power  in  the  United  States 


Division  or  th«  Unttso  States 


Wrbbls 


H.  P. 


Northern  Atlantic 
Southern  Atlantic 
Gulf  of  Mexico: 

Eastern      .... 

Western      .... 
Mississippi  River: 

Tributaries  from  east 

Tributaries  from  west 
St.  Lawrence  River 
Colorado  River  .  . 
Southern  Pacific  .  . 
Northern  Pacific  .  . 
Interior  Drainage  .  . 
Arctic  Ocean      .     .     . 


21,864 

1.746.303 

5.938 

459.652 

3.342 

139.758 

258 

12.071 

8.959 

537.080 

2.385 

331.739 

6.896 

1.018.283 

285 

74,428 

822 

423,707 

1.659 

489,454 

353 

115,944 

66 

8,261 

62327 


5.356.680 


Leighton  ^  gives  another  table  which  shows  the  drainage 
areas,  the  flow  of  water  of  same,  the  primary  horse  power 
available,  and  the  minimum  available  for  the  six  high-water 
months. 

*  "Water  Powers  in  the  United  Statea,"  by  M.  O.  Leighton,  An.  Am.  Ac 
Pol.  and  See.  Sci..  Vol.  XXXIII.  p.  555. 
»  Loc.  cit.,  p.  649. 
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Table  Showing  Estimate  op  Stream  Flow  and  Water  Power 

IN  THE  United  States 


Drainage 
Area 

8Q.  MI. 

Flow  per 

Annum 
Billion 

CU.    FT. 

Horse  Power 
Available 

Principal  'Drainages 

Primary 

or 
Minimum 

Minimum 

of  the  Six 

Highest 

Months 

Northern  Atlantio  to 
Cape  Henry,  Va.  .    . 

Southern  Atlantic  to 
Cape  Sable,  Fla.    .    . 

Eastern  Gulf  of  Mex- 
ico to  Mississippi 
River 

Western  Gulf  of  Mex- 
ico west  of  Vermil- 
ion River     .... 

Mississippi  River  main 
stream 

Mississippi  River  trib- 
utaries from  east  .     . 

Mississippi  River  trib- 
utaries from  west 
including  Vermihon 
River 

St.  Lawrence  River  to 
Canadian  line   .     .     . 

Colorado  River,  above 
Yuma,  Arizona      .    . 

Southern  Pacific  to 
Point  Bonita,  Cal.  . 

Northern  Pacific  .    .    . 

Great  Basin     .... 

Hudson  Bay    .... 

159,879 
123,920 

142,220 

1433,700 

1,238,800 

333,600 

905,200 

2  299,720 

225,000 

70,700 
290,400 
223,000 

62,150 

8,942 
5,560 

6,867 

1  2,232 
21,940 
12,360 

9,580 

2  8,583 

521 

2,193 
15,220 

614 

1,702,000 
1,253,000 

559,000 

433,760 

147,000 

2,472,590 

3,948,970 

6,682,480 

2,918,500 

3,215,400 

12,979,700 

518,000 

75,800 

3,186,600 
1,957,800 

963,000 

829,650 

335,000 

4,940,300 

7,085,000 

8,090,060 

5,546,000 

7,808,300 

24,701,000 

801,000 

212,600 

Total 

4508,289 

94,612 

36,906,200 

66,449,310 

By  primary  horse  power  is  meant  the  amount  which  can  Minimum 
be  developed  upon  the  basis  of  the  fiowage  of  the  streams  ^^ter^^^ 
for  a  period  of  two  weeks  in  which  the  flow  is  the  least,   power. 
According  to  the  table,  if  all  the  installations  in  the  United 
States  were  made  to  use  as  much  of  the  water  as  is  available 
the  lowest  two  weeks  of  the  year,  and  allow  all  the  rest  to 
escape  without  use,  there  would  be  developed  36,906,200 
horse  power ;  that  is,  approximately  seven  times  the  amount 


Includes  Rio  Grande  in  Mexico. 


'  Includes  drainage  in  Canada. 
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now  produced.  The  primary  power,  according  to  McGee, 
"  exceeds  our  entire  mechanical  power  in  use,  would  operate 
every  mill,  drive  every  spindle,  propel  every  train  and  boat, 
and  light  every  city,  town,  and  village  in  the  country." 
While  this  is  true,  because  of  the  limited  distance  that  power 
can  be  economically  transmitted,  it  cannot  be  concluded  that 
power  produced  by  water  can  be  more  than  partially  substi- 
tuted for  power  produced  in  other  ways  (see  pp.  121, 124). 

If  wheels  were  put  into  the  streams  sufficient  to  use  the 
water  the  highest  six  months  of  the  year,  there  would  be 
more  than  66,449,300  horse  power  developed.  Leighton 
believes  that  if  the  flood  waters  were  stored,  so  that  the 
streams  were  as  fully  utilized  as  practicable,  it  would  be 
possible  to  develop  in  the  United  States  200,000,000  horse 
power.  Others  regard  this  estimate  as  too  high  and  say 
100,000,000  horse  power  is  nearer  the  truth.  But  even  the 
smaller  amount  will  furnish  sufficient  power  from  water  to 
meet  the  needs  of  this  nation  for  all  purposes  when  the 
population  of  the  United  States  is  250,000,000  people. 

When  a  century  or  two  centuries  hence  the  amount  of 
coal  has  become  mucK  diminished  in  quantity,  and  has 
become  higher  in  price,  none  may  estimate  the  importance 
to  the  nation  of  this  water  power.  Certain  it  is  that  in  the 
future  he  who  controls  this  100,000,000  or  200,000,000  horse 
power  controls  the  industries  of  the  nation. 

In  this  estimate  no  account  is  taken  of  the  tides.  Theo- 
retically there  is  available  in  the  tides  a  very  large  amount 
of  power,  but  for  the  most  part  the  head  is  small.  Each 
day  there  are  two  periods  of  high  and  low  water,  with  inter- 
vals of  little  or  no  flow;  this  results  in  extremely  irregular 
heads  and  intermittent  energy.  These  defects  may  be 
remedied  to  some  extent  by  the  use  of  storage  batteries; 
but  at  best  tidal  installations  to  produce  a  large  amount  of 
power  must  be  very  expensive  in  proportion  to  the  energy 
furnished.  The  difficulties  in  the  use  of  the  tidal  flow  for 
power  are  so  great  that  at  the  present  time  there  remain 
but  a  few  small  installations  of  this  kind  in  the  United 
States. 
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It  may  be  said  that  other  sources  of  power  will  be  de- 
veloped which  will  render  water  power  less  dominant  in  its 
influence  upon  industrial  development.  For  instance,  there 
are  available  the  power  of  the  winds,  and  the  direct  energy 
of  the  sun. 

The  winds  are  a  great  source  of  energy  which  if  entirely 
utilized  would  be  extremely  important.  Wind  power  is 
extensively  used  for  small  installations,  and  especially  for 
pumping  water;  but  for  large  installations  the  wind  has  the 
irremediable  defect  that  for  any  given  place  it  is  extremely 
variable.  To  some  extent,  this  may  be  neutralized  by  bat- 
teries in  which  power  may  be  stored  to  be  used  when  the 
wind  does  not  blow;  but  this  will  involve  great  expense. 
For  these  and  other  reasons,  so  far  as  we  can  predict,  the 
wind  cannot  become  a  serious  competitor  of  water  for  the 
production  of  power  in  large  quantities. 

Theoretically  there  is  a  possibihty  of  using  the  direct 
energy  of  the  sun  as  a  source  of  power.  This  has  actually 
been  done  in  a  small  way  in  the  arid  regions  where  there  is 
a  large  average  of  sunshine.  But  like  the  tides  and  the 
winds,  the  sun  is  not  available  as  a  continuous  source  of 
power,  since  upon  the  average  one  half  of  each  day  he  is 
below  the  horizon.  It  is  yet  to  be  proved  that  the  sun 
can  be  economically  utilized  as  an  effective  source  of  energy 
in  a  large  way. 

Until  very  recently  the  development  of  water  power  was  Areatrib- 
slow  and  the  installations  small.     This   was  the  situation  J^J^^^^J^^ter 
because  it  was  necessary  to  use  the  power  derived  from  water  powers, 
near  its  source.    But  with  the  rapid   development  of  the 
transmission  of  energy  through  electricity  the  radius  of  a 
water  power  has  steadily  increased.     At  the  present  time 
power  in  California  is  transmitted  more    than  200   miles, 
and  in  the  case  of  the  Central  Colorado   Power  Company, 
300  miles.    Where  such  long  distance  transmission  is  prac- 
ticed the  rates  that  are  charged  are  necessarily   somewhat 
high.    It  is  doubtful  if  power  can  be  carried  such  distances 
as  these  in  competition  with  power  developed  from  cheap 
coal.    If  we  suppose  that  the  average  of  the  present  economic 
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use  of  water  were  only  100  miles,  a  water  power,  if  sufficient 
to  do  this,  could  serve  more  than  31,400  square  miles,  or 
nearly  the  area  of  Connecticut,  Rhode  Island,  Massachu- 
setts, New  Hampshire,  and  Vermont.  A  radius  of  200  miles 
would  give  an  area  of  more  than  125,000  square  miles,  or 
more  than  the  states  of  Georgia  and  Wisconsin,  or  more  than 
any  one  state  in  the  Union  save  California,  Montana,  and 
Texas.  A  radius  of  300  miles  would  give  a  subject  territory 
of  270,000  square  miles,  or  nearly  one  tenth  of  the  United 
States.  Thus,  wherever  there  is  a  water  power  of  sufficient 
magnitude,  it  may  be  available  to  millions  of  people.  The 
value  of  their  property  is  in  a  measure  tributary  to  it. 

With  the  extension  in  the  radius  of  use,  the  magnitude 
of  the  installations  and  the  size  of  the  wheels  have  steadily 
increased.  At  the  present  time  the  average  amount  of 
water  power  developed  per  wheel  is  not  more  than  100,  but 
in  some  of  the  great  new  installations  single  wheels  are  being 
installed  to  develop  10,000  horse  power  and  in  a  single  plant 
100,000  horse  p)ower  or  more.  Doubtless  in  the  near  future 
the  majority  of  the  installations  on  the  large  streams  will  be 
of  great  magnitude. 


Water 
power  and 
manufac- 
turing 
industries. 


Easy 

subdivision 
of  electrical 
energy. 


ADVANTAGES  OF  WATER  POWER  DEVELOPMENT 

It  is  clear  that  the  advantages  to  the  nation  from  the 
development  of  water  power  are  almost  beyond  measure. 

First,  the  development  of  water  power  is  a  factor  of  prime 
importance  in  obtaining  leadership  in  the  manufacturing 
industries  of  the  world.  There  is  no  other  large  nation  in  a 
more  favorable  position  as  to  available  water  powers  than 
the  United  States.  This  great  source  of  energy  is  by  its 
cheapness  a  factor  of  prime  importance  in  the  industrial 
competition  in  the  world. 

Not  only  is  electrical  energy  superior  to  all  other  forms 
for  large  installations,  but  it  has  an  inestimable  advantage 
over  all  others  in  its  capacity  for  ready  subdivision.  It 
may  be  carried  to  the  small  shop,  to  the  home,  to  the  bam. 
Already  in  cities,  where  electrical  energy  is  furnished  cheaply, 
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it  is  running  the  sewing  machine,  cleaning  the  floors,  and 
doing  other  heavy  work  of  the  household.  Similarly,  on  the 
farm,  it  may  do  much  of  the  heavy  work,  both  indoors  and 
outdoors.  For  certain  lines  of  industries,  it  may  be  the 
means  which  will  keep  them  in  the  small  shop  instead  of 
being  concentrated  in  the  large  factory. 

Not  only  is  electricity  destined  to  play  a  larger  and  larger  Power 
role  in  the  industries,  but  it  is  to  furnish  the  power  in  increas-  J^°°^  ^^*®r 
ing  degree  for  transportation.  The  development  of  transpor-  railways, 
tation  by  land  through  the  railroad  is  the  greatest  of  the  revo- 
lutions of  this  modern  age.  Thus  far,  in  this  country,  steam 
has  been  used  almost  exclusively  for  trunk-line  railways; 
but  already  the  era  of  railway  transportation  by  electricity 
has  been  begun,  and  it  is  certain  that  it  will  rapidly  extend. 
Some  of  the  larger  railroad  companies  of  the  West  have 
acquired  extensive  water  power  rights  in  order  to  provide 
for  transportation  by  electrical  energy.  With  the  extension 
of  the  range  of  electrical  transmission  of  power  has  come  the 
electrical  railway,  which  has  supplemented  the  steam  rail- 
way. Already  a  network  of  such  railways  exists  in  the  more 
densely  populated  parts  of  the  country,  as,  for  instance, 
much  of  New  York,  New  Jersey,  and  New  England,  and  is 
rapidly  extending  to  other  parts  of  the  country.  The  street 
car  in  cities  is  almost  altogether  driven  by  electricity.  A 
large  amount  of  this  electrical  energy  is  now  produced  from 
water  power  and  an  increasing  proportion  is  to  be  thus 
developed;  for  there  are  great  economies  with  reference  to 
the  future  in  using  the  power  of  water  directly  rather  than 
the  wasteful  methods  of  developing  power  from  coal. 

A  qualification  should  perhaps  be  made  in  reference  to  the 
coal-producing  regions.  Along  the  Youghiogheny  River  in 
Pennsylvania,  coal  is  so  cheap  that  at  the  present  time  the 
manufacturer  can  obtain  energy  from  this  source  at  a  lower 
price  than  he  could  by  developing  water  power  on  that 
river.  It  is  clear  that  in  such  cases  as  this  the  question  of 
ultimate  economy  should  be  considered,  but  we  must  expect 
that  the  manufacturer  will  produce  the  power  he  needs  in 
the  cheapest  way  possible,  whether  that  be  by  the  use  of 
coal  or  water. 
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For  light,  electricity  developed  by  water  is  the  ideal  solution 
of  the  problem;  and  not  many  years  can  elapse  before  light 
will  be  produced  from  water  power  wherever  such  energy  is 
available  within  reasonable  distances. 

As  coal  becomes  dearer  in  the  future  and  is  turned  to  other 
uses  than  the  production  of  power,  the  predominance  of  one 
nation  over  another  in  manufactures  and  transportation  will 
depend  to  a  larger  extent  than  at  present  upon  water  power. 
Indeed,  this  factor  is  likely  to  be  more  important  than  any 
other.  It  is  plain  that  it  is  difficult  to  overestimate  the  ex- 
treme importance  of  water  powers  to  the  future  progress 
of  the  nation. 

At  the  present  time  in  the  United  States  26,000,000  horse 
power  are  developed  by  coal.  It  is  believed  by  Leighton  that 
15,000,000  horse  power  could  be  more  economically  developed 
by  water,  although  he  does  not  hold  that  the  substitution  to 
this  extent  can  take  place  at  once,  nor  that  every  unit  of  it  will 
give  an  economic  advantage.  But  he  believes  that,  under 
existing  conditions,  with  the  present  price  of  coal,  at  a  fair 
rate  of  interest  upon  the  capitalization,  this  substitution  on  the 
average  would  give  an  economic  advantage  of  SI 2  per  annum 
per  horse  power,  or  $180,000,000  a  year.  He  bases  this  esti- 
mate upon  figures  furnished  by  the  New  York  Water  Supply 
Conmiission.  But  this  is  not  the  most  important  saving. 
Every  time  one  horse  power  is  developed  by  water,  which  is 
now  produced  by  coal,  at  least  ten  tons  of  coal  are  saved;  and 
therefore,  if  the  15,000,000  horse  power  developed  by  coal  be 
produced  by  water,  there  will  be  saved  each  year  150,000,000 
tons  of  coal  m  addition  to  the  $180,000,000  gained  by  the  sub- 
stitution. This  is  about  one  third  of  the  output  of  the  coal 
of  the  United  States  and  this  alone  will  greatly  lengthen  its 
life.  The  term  "white  coals"  for  water  power  is  certainly 
appropriate. 

Switzerland  ^  is  likely  to  be  the  first  country  to  gain  fully  the 
enormous  advantages  which  come  from  the  utilization  of 
"white  coal"  for  power  and  for  light.    In  another  place  it  is 

»  "  The  White  Coal  of  Switzerland."  F.  C.  Howe.  Outlook,  Jan.  22.  1910. 
p.  151. 
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pointedf  out  that  the  national  government  has  been  granted 
authority  to  control  the  water  for  power  (see  p.  141) .  Already 
in  that  state  "practically  all  of  the  street  railways  and  the 
great  bulk  of  the  industrial  energy  now  comes  from  water 
power.'*  Also  the  railways  which  heretofore  have  had  steam 
locomotives  will  derive  their  energy  from  water.  Not  only  is 
electrical  energy  for  light  and  power  distributed  to  the  large 
cities,  but  to  the  towns  and  villages,  and  even  to  the  isolated 
farms.  The  loom  of  the  lacemaker  and  the  machine  of  the 
watchmaker  in  the  home  is  being  driven  by  electrical  energy. 
Water-produced  power  even  goes  into  the  barn  of  the  peasant. 
"Grain  is  being  threshed,  milk  is  being  churned  to  butter, 
water  is  being  pumped,  food  for  the  cattle  is  being  pre- 
pared, and  the  farmer  is  being  relieved  of  his  most  arduous 
labor.'' 

CONDITIONS  FOR  SATISFACTORY  DEVELOPMENT 

In  order  that  power  from  water  be  satisfactory  and  effective, 
the  developed  streams  should  maintain  a  uniform  flow.  If 
a  stream  has  a  flow  which  will  develop  10,000  horse  power  for 
a  small  portion  of  the  year  and  for  the  remainder  only  1000, 
it  would  be  unwise  to  place  an  installation  for  much  more  than 
the  minimum  amount.  Therefore  the  question  arises,  if  water 
is  to  be  fully  utilized  for  power,  how  a  uniform  flow  may  be 
obtained. 

Those  who  are  not  engineers,  or  have  not  studied  meteo-  Great 
rology,  or  geology,  probably  do  not  appreciate  how  unequal  is  J^T^^^aqw. 
the  precipitation  and  how  unequal  the  flow  of  streams.     It  not 
infrequently  happens  that  the  larger  part  of  the  precipitation    ' 
of  one  year  comes  within  two  or  three  months;   indeed,  for 
large  areas  of  the  country  this  is  the  normal  condition  of  af- 
fairs, and  sometimes  the  major  portion  of  the  precipitation 
occurs  within  a  few  days.     In  a  single  great  storm  the  larger 
part  of  the  precipitation  of  one  year  may  fall.     The  run-offs 
from  these  great  storms  produce  floods.     It  will  be  appreciated 
that  in  consequence  of  the  extreme  inequality  of  rainfall  most 
of  the  streams  have  a  very  uneven  flow  under  natural  con- 
ditions.   It  is  therefore  necessary  to  consider  what  shall  be 
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done  to  hold  back  the  storm  waters  and  thus  secure  a  uniform 
flow. 

I  agree  with  those  who  hold  that  a  very  important  factor  in 
accomplishing  this  is  the  retaining  of  forests  at  the  headwaters 
of  the  streams.  (For  discussion  of  this  point  see  pp.  245-252.) 
But  the  maintenance  of  the  forests  is  not  sufficient  to  equalize 
stream  flow.  While  a  forest  will  restrain  the  movement  of 
water  and  will  hold  back  for  a  long  time  an  amount  up  to  its 
absorptive  capacity,  this  is  not  unlimited  in  quantity.  And 
even  when  there  is  flood  precipitation  in  excess  of  the  ab- 
sorptive power  of  the  forest,  it  ¥rill  still  act  as  a  restrain- 
ing influence,  and  distribute  the  excess  through  a  short  time. 
Even  a  delay  of  hours  is  of  the  utmost  importance  so  far 
as  flood  damages  are  concerned,  but  it  is  not  adequate  to 
maintain  a  nearly  uniform  flow.  Hence  it  is  necessary  to 
supplement  forests  by  reservoirs,  at  the  headwaters  of  the 
streams,  which  will  store  and  hold  the  excess  of  storm 
waters  until  they  can  be  utilized.  This  is  one  of  the  great 
improvements  now  before  our  people. 

Before  considering  reservoir  extensions  it  may  be  advisable 
to  give  illustrations  of  streams  with  natural  reservoirs.  The 
great  examples  of  streams  having  lake  reservoirs  are  Niagara 
and  the  St.  Lawrence,  the  former  having  a  reservoir  area  of 
88,660  square  miles,  and  the  latter  95,660  square  miles — areas 
not  equaled  by  the  reservoir  systems  of  any  other  streams  in 
the  world.  The  maximum  flow  of  the  Niagara  is  about  35 
per  cent  more  than  the  minimum,  of  the  St.  Lawrence  50 
per  cent.  As  compared  with  ordinary  streams  this  is  a  won- 
derful approach  toward  uniformity,  and  this  on  streams  of 
enormous  size.  It  is  not  surprising  that  there  should  be 
strong  pressure  to  develop  the  power  at  Niagara. 

Another  stream  which  has  a  uniform  flow,  due  mainly  to 
the  slow  melting  of  the  snows  upon  the  mountains,  and  to 
underground  storage,  rather  than  to  surface  reservoirs  (al- 
though it  does  have  along  its  headwaters  a  number  of  lakes) 
is  the  Deschutes  of  Oregon.  This  stream  and  all  of  its  nu- 
merous western  branches  rise  in  the  lofty  plateau  and  high 
mountains  of  the  Cascade  range,  upon  which  great  quanti- 
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ties  of  snow  fall  each  year  to  melt  slowly  and  uniformly  during 
the  summer.  Also,  the  Cascades  are  built  of  volcanic  rocks 
which  are  broken  and  porous,  and  are  capable  of  absorbing 
great  quantities  of  water  and  slowly  emitting  it  in  springs. 
The  result  is  that  the  Deschutes  is  referred  to  by  those  who 
live  along  its  banks  as  '*  the  river  that  never  changes."  It  has 
a  drainage  area  of  nearly  9000  square  miles;  it  has  a  fall  from 
where  it  is  large  enough  to  be  used  for  water  power  to  its 
mouth  of  over  3000  feet.  According  to  I.  N.  Teal,  chairman 
of  the  Oregon  Conservation  Commission,  it  is  capable  of  de- 
veloping a  million  horse  power,  —  over  three  times  that  at  pres- 
ent developed  at  Niagara  Falls.  Unfortunately,  a  large  part 
of  the  power  of  this  river  is  unavailable  because  of  the  con- 
struction of  two  railroads  in  the  caiion  of  the  Deschutes. 
The  water  power  sites  of  this  stream  are  all  within  100  miles 
of  Portland.  When  in  the  future  these  railroads  are  displaced 
and  the  water  power  developed,  no  one  can  measure  what  this 
shall  mean  to  the  development  of  that  city. 

These  wonderful  streams,  the  Niagara  and  Deschutes,  are 
given  as  illustrations  of  nearly  ideal  conditions  for  water  power 
furnished  by  nature  itself.  But  for  the  great  majority  of 
streams  such  conditions  do  not  exist.  They  present  the  prob- 
lem of  producing  artificially  a  uniform  flow.  The  solution  of 
that  problem  lies,  aside  from  the  maintenance  of  forests  in 
essential  areas,  and  so  carrying  on  agriculture  as  to  get  into 
the  ground  the  largest  possible  percentage  of  the  precipitation, 
in  the  building  of  reservoirs. 

Reservoir  systems  have  been  established  in  the  arid  region.  Extent  of 
in  the  Upper  Mississippi  Valley,  and  in  the  northeastern  part 
of  the  United  States.  I  have  already  said  that  the  people 
of  the  arid  region  have  a  much  higher  appreciation  of  the 
importance  of  water  than  those  of  the  humid  region.  It  is 
therefore  natural  that  in  this  western  region  where  water  is  so 
valuable,  and  where  its  use  is  so  necessary  not  only  for  water 
power  but  for  irrigation,  that  extensive  reservoir  systems 
should  have  been  constructed  to  save  the  storm  waters.  Many 
millions  of  dollars  have  been  spent  for  this  purpose  in  the  West 
by  private  parties  and  by  the  government,  primarily  with 
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reference  to  irrigation  and  subordinately  with  reference  to 
water  powers. 

In  the  humid  regions  there  has  not  as  yet  been  an  extensive 
development  of  reservoirs,  but  it  is  certain  that  in  the  future 
the  people  of  these  regions  will  follow  the  example  so  well  set 
by  the  inhabitants  of  the  arid  country.  To  the  present  time 
reservoirs  in  humid  regions  have  been  mainly  confined  to  the 
Upper  Mississippi  Valley  and  to  the  northeastern  part  of  the 
United  States. 

In  Minnesota  reservoirs  of  large  capacity  have  been  con- 
structed by  the  government  with  reference  to  the  navigation 
on  the  Mississippi.  These  reservoirs  have  a  present  capacity 
of  96,000,000,000  cubic  feet,  and  it  is  planned  to  extend  them 
so  as  to  store  175,000,000,000  cubic  feet.  Incidental  to  the 
development  of  navigation,  the  water  powers  from  Pokegama 
Falls  to  St.  Paul  have  been  greatly  improved  and  their  value 
largely  increased.  By  the  board  of  engineers  appointed  to  in- 
vestigate the  matter,  the  direct  value  of  the  reservoir  system 
to  present  and  prospective  mill  interests  for  that  distance,  is 
placed  at  $500,000  per  annum;  but  it  is  added  that  a  large 
proportion  of  this  benefit  is  conferred  upon  the  general  public. 

On  the  headwaters  of  the  Wisconsin  River  an  important 
series  of  reservoirs,  sufficient  to  store  not  less  than 
2,000,000,000  cubic  feet  of  water,  have  been  built  for  equalizing 
the  flow  for  water  power  purposes.  In  New  York  and  New 
England  a  series  of  reservoirs  have  been  developed  or  proposed, 
which  Leighton  estimates  are  adequate  to  care  for  10  per  cent 
of  the  surplus  storm  waters.  It  is  to  be  noted  that  both  of 
these  regions  are  a  part  of  the  great  area  of  the  recent  glacial 
drift  upon  which  are  numerous  ponds,  lakes,  and  meandering 
streams.  In  such  regions  it  is  possible  to  construct  a  system 
of  reservoirs  of  large  capacity  with  a  minimum  expenditure 
of  money. 

In  other  parts  of  the  East  the  conditions  are  very  different 
and  the  expense  far  greater.  Leighton  has  studied  the  Ohio 
with  reference  to  the  necessary  reservoir  system  to  control 
floods  and  develop  navigation.  This  stream  has  its  head- 
waters in  the  mountainous  region.    The  Alleghany,  the  Mo- 
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nongahela,  the  Cumberland,  and  the  Tennessee  are  the  princi- 
pal tributaries.  He  estimates  that  an  adequate  reservoir 
system  will  cost  $125,000,000;  but  he  does  not  insist  that 
this  estimate  is  accurate;  it  may  be  too  small.  He  thinks 
that  there  will  be  a  possible  additional  water  power  in  con- 
sequence of  such  reservoirs  amounting  to  110,000  horse  power, 
which  if  developed  would  yield  $20  each  per  annum.  This 
would  give  an  income  of  $2,200,000  per  annum,  of  which 
probably  one  fourth,  or  $550,000,  would  be  profit.  If  this 
amount  were  capitalized  at  5  per  cent,  it  would  represent 
$11,000,000.  This  amount  is  sufficient  to  pay  only  a  fraction 
of  the  cost  of  the  reservoir  system;  and  clearly,  if  the  invest- 
ment be  made,  it  must  be  on  the  basis  of  other  advantages 
which  are  to  accrue  in  addition  to  water  powers  (see  pp. 
181-184). 

In  order  that  reservoirs  shall  be  effective,  it  is  very  necessary 
that  forests  be  preserved  on  the  headwaters  of  the  streams 
feeding  them.  Otherwise  the  great  quantities  of  silt  brought 
down  at  times  of  flood  rapidly  fill  the  reservoirs  with  debris. 
Reservoir  systems  can  only  be  successful  when  in  conjunction 
with  forests.  Thus  the  maintenance  of  uniform  flow  and  the 
controlling  of  floods  does  not  depend  upon  forests  alone,  nor 
upon  reservoirs  alone;  it  can  only  be  successfully  solved  by 
their  combination. 


VALUE   OF   WATER   POWER 

The  question  of  the  value  of  water  power  is  a  complicated 
one  and  no  general  statement  can  be  made  which  applies  to 
the  country  as  a  whole.  The  value  of  a  power  depends  upon 
the  cost  of  construction  per  horse  power  developed,  distance 
to  market,  nature  of  the  market,  and  many  other  factors. 
Such  facts  will  be  presented  as  are  available  as  to  the  cost 
of  developing  power  in  the  various  parts  of  the  country  and 
the  profits  which  are  derived  from  the  same. 

According  to  the  reports  of  the  Ontario  Hydro-Electric  Cost  of 
Power  Company,  power  is  produced  at  Niagara  Falls  at  about  ^^*®^ 
$10  per  horse  power  per  annum.     In  this  cost  are  included  op-  Niagara, 
erating  expenses,  maintenance  and  repairs,  depreciation  and 
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interest  at  4  per  cent  upon  the  capital  invested.  That  is,  the 
entire  cost  of  the  maintenance  of  the  plant,  plus  4  per  cent  in- 
terest on  the  capital  invested,  may  be  secured  if  power  is  sold 
at  the  astonishingly  low  rate  of  $10  per  horse  power  per  an- 
num. The  Niagara  is  a  large  installation,  under  very  favor- 
able circumstances;  and  it  may  well  be  that  in  installations  of 
moderate  size,  and  under  less  favorable  circumstances,  the 
annual  cost  per  horse  p>ower,  including  interest  on  capital, 
may  be  double  this  amount  for  the  eastern  part  of  the  United 
States  and  even  more  than  this  in  the  western  region. 
Cost  of  The  lowest  estimate  of  cost  per  horse  power  from  steam  in 

large  installations  is  $15  per  annum,  and  from  this  it  varies 
to  four  times  this  amount,  and  for  smaller  installations  is  even 
more  than  this. 

In  discussing  the  question  of  expenditure  warranted  in  de- 
veloping water  power,  it  would  be  advantageous  to  know  the 
cost  of  production  for  the  various  plants  of  the  United  States 
from  which  an  average  could  be  obtained.  Data,  however,  are 
not  available  for  such  an  estimate,  but  it  is  pretty  safe  to  say 
that  upon  the  whole,  power  is  not  being  sold  anywhere  on  a 
large  scale  cheaper  than  it  is  produced.  Thus,  if  we  have  no 
exact  information  as  to  reasonable  rates  we  have  a  base  which 
is  high  enough. 
Price  of  In  New  York  State,  where  fuel  is  comparatively  cheap, 

Eaat.^"*  power  is  supplied  from  hydro-electric  plants  at  the  rate  of 
$20  per  horse  power  per  annum,  with  24-hour  service.  In 
North  Carolina  and  South  Carolina  water  power  is  furnished 
at  the  rate  of  $15  per  horsepower  per  annum  with  66-hour  ser- 
vice per  week,  which  corresponds  with  $38  on  the  basis  of  con- 
tmuous  service.  It  is  probable  therefore  that  in  the  humid 
glacial  regions  of  America,  which  include  New  England,  New 
York,  and  the  Middle  West,  $20  per  annum  per  horse  power 
at  the  plant  will  on  the  average  pay  expenses  and  deprecia- 
tion and  give  a  good  return  on  the  investment.  In  the  Ap- 
palachian district,  south  of  the  glacial  drift,  to  construct 
reservoirs  is  more  expensive,  and  the  cost  per  horse  power  is 
greater  on  the  average  than  in  the  glacial  region.^ 

In  California  the  rate  for  even  the  largest  consumers  is 
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$40  per  annum  per  horse  power,  and  small  consumers  often 
pay  more  than  twice  that  amount.  It  is  rather  safe  to  say 
that  such  charges  give  large  profits. 

According  to  Mead,  the  cost  of  installing  water  power 
plants  varies  from  $40  to  $300  per  horse  power,  the  first  on 
exceptionally  cheap  high-head  plants  with  power  delivered 
at  the  wheel  shaft,  and  the  latter  on  low-head  plants  with 
electrical  equipment  and  long  distance  transmission  with 
power  delivered  at  the  substation  or  at  the  consumer's  switch- 
board. Operating  expenses  are  also  relatively  much  higher 
per  horse  power  on  small  plants  than  on  large  ones.  There- 
fore it  is  not  possible  to  make  any  general  statement  with 
reference  to  the  cost  of  producing  power  by  water  which 
will  be  applicable  to  individual  cases,  and  the  broad  state- 
ment below  made  must  be  considered  as  a  rough  approxima- 
tion of  the  minimum  value  of  water  power  rather  than  a 
statement  which  can  be  applied  in  a  given  instance. 

The  New  York  Water  Power  Commission  estimates  a  Saving  by 
saving  over  steam  in  the  state  of  New  York  by  the  develop-  substituting 
ment  of  additional  power  through  reservoirs  at  $12  per  an-  steam 
num.^     If  upon  the  average  we  estimate  this  saving  for  the  power, 
country  as  a  whole  at  only  one  half  of  this,  or  $6  per  horse 
power  per  annum,  and  this  seems  conservative,  the  wealth 
gained  each  year  by  the  substitution  is  five  times  the  num- 
ber of  horse  power  used.     For  the  5,000,000  horse  power 
now  developed,  this  would  be  a  saving  of  $30,000,000  a 
year,  which  if  capitalized  at  5  per  cent  would  represent  a 
value  of  $600,000,000.     If  15,000,000  additional  horse  power 
were  substituted  for  steam  power,  and  this  is  likely  to  be 
possible  in  the  near  future  (see  p.  124),  this  would  result 
in  an  annual  saving  of  $90,000,000,  which  would  give  a  5  per 
cent  income  on  $1,800,000,000.     These  figures  are  presented 
to  show  that  even  on  the  most  conservative  basis,  making 
all  the  assumptions  as  to  the  saving  being  a  minimum,  very 
large  expenditures  are  justified  in  the  development  of  the 
reservoir  system  of  the  country  even  for  the  purpose  of 
water  powers  alone,  without  any  consideration  of  the  other 

*  Fourth  Annual  Report,  N.  Y.  State  Water  Supply  Commission,  p.  234. 
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benefits  which  may  come  from  the  development  of  storage 
reservoirs. 

The  above  calculations,  which  seem  to  warrant  large  in- 
vestments for  the  development  of  water  power,  may  be 
illustrated  by  one  instance.  It  is  proposed  in  the  state  of 
Illinois  to  extend  the  drainage  canal  of  Chicago  so  as  to 
make  a  fourteen-foot  channel  to  the  Mississippi  River  along 
the  Illinois  River  at  an  estimated  cost  of  $20,000,000.  Inci- 
dental to  this  development  the  state  will  produce  140,000 
horse  power,  of  which  100,000  horse  power  will  certainly  be- 
long to  the  state.  It  is  estimated  that  at  the  outset  this  will 
have  a  value  of  $25  per  horse  power  per  annum,  and  thus 
will  yield  an  annual  income  of  $2,500,000, — a  suflficient 
amount  to  extinguish  the  debt  with  interest  in  seventeen 
years,  with  a  surplus  of  $167,000.  After  that  time  it  is 
estimated  that  the  annual  net  earnings  of  the  water  power 
alone  will  be  not  less  than  $2,750,000,  which  at  the  rate  of 
5  per  cent  is  equivalent  to  a  paid-up  capital  of  $55,000,000. 
This  will  represent  the  gain  to  ihe  state  from  the  project  at 
the  end  of  the  seventeen  years  in  addition  to  the  great  saving 
each  year  in  freight  rates  and  increased  commerce, — the 
primary  purposes  of  the  improvement  (see  p.  161). 

The  profits  from  water  power  have  resulted  in  the  rapid 
extension  of  hydro-electric  installations.  The  census  bureau 
estimates  that  during  the  years  1900  to  1905  the  increase  of 
electric  power  was  270  per  cent,  of  which  much  the  larger 
part  unquestionably  has  come  from  water.  Localities  having 
large  water  power  have  great  advantages  in  conmiercial 
development.  This  is  illustrated  by  Buffalo,  which  receives 
some  40,000  horse  power  from  Niagara  Falls,  one  half  of 
which  goes  into  industrial  and  manufacturing  enterprises. 
The  recent  extremely  rapid  growth  of  that  city  has  been 
largely  due  to  this  fact. 

Another  illustration  is  that  of  Muscle  Shoals  on  the  Ten- 
nessee River.^  According  to  Newell,  at  this  locality  there 
may  be  developed  a  minimum  net  horse  power  for  the  driest 
years  of  51,000,  and  for  the  average  year  99,875.    According 

» Electrical  World,  Vol.  lU,  pp.  1397-1398. 
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to  Ball,  if  this  power  be  developed  and  delivered  to  the  dis- 
tricts where  cheap  coal  is  available,  as,  for  instance,  Bir- 
mingham, Alabama,  allowing  for  all  proper  charges,  including 
depreciation,  *'the  saving  in  favor  of  the  water  power  would 
be  60  per  cent." 

Other  benefits  from  the  development  of  reservoirs  are  not 
less  important  than  for  powers.  Some  of  these  are  the  im- 
provement of  navigation,  reduction  of  flood  losses,  decrease 
in  denudation,  and  irrigation.  These  aspects  of  the  subject 
are  subsequently  treated. 


THE  CONTBOL  OF  WATER  POWERS 

Water  powers  should  be  controlled  by  the  public;  I  do  Public 
not  say  owned  or  operated  by  the  public.  The  elastic  word  ^^^^  °^ 
"controlled"  is  used  because  the  amount  of  control  which  is  powers, 
advisable  or  necessary  is  different  in  different  cases.  The 
North  American  Conservation  Conference  of  1909,  composed 
of  commissioners  from  the  United  States,  Mexico,  Canada, 
and  Newfoundland,  agreed  unanimously  upon  the  principles 
which  should  obtain  as  to  the  control  of  water  powers.  There- 
fore these  principles  may  very  well  serve  as  a  starting  point 
in  the  discussion  of  the  subject.  "We  regard  the  monopoly 
of  waters,"  said  the  commissioners,  "and  especially  the 
monopoly  of  water  power,  as  peculiarly  threatening.  No 
rights  to  the  use  of  water  powers  in  streams  should  hereafter 
be  granted  in  perpetuity.  Each  grant  should  be  condi- 
tioned upon  prompt  development,  continued  beneficial  use, 
and  the  payment  of  proper  compensation  to  the  public  for 
the  rights  enjoyed;  and  should  be  for  a  definite  period  only. 
Such  period  should  be  no  longer  than  is  required  for  reason- 
able safety  of  investment.  The  public  authority  should 
retain  the  right  to  readjust  at  stated  periods  the  compensa- 
tion to  the  public  and  to  regulate  the  rates  charged,  to  the 
end  that  undue  profit  or  extortion  may  be  prevented. 

"Where  the  construction  of  works  to  utihze  water  has 
been  authorized  by  public  authority  and  such  utilization  is 
necessary  for  the  pubUc  welfare,  provision  should  be  made 
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for  the  expropriation  of  any  privately  owned  land  and  water 
rights  required  for  such  construction." 

The  principle  of  public  control  of  waters  was  more  con- 
cisely expressed  by  the  Fourth  Lakes-to-the-Gulf  Waterway 
Convention,  held  at  New  Orleans,  in  1909,  to  which  conven- 
tion there  were  over  500  accredited  delegates,  representing 
forty-six  states  of  the  Union,  and  including  a  majority  of 
the  governors,  the  President  and  Vice  President  of  the 
United  States,  several  members  of  the  Cabinet,  and  a  large 
number  of  senators  and  representatives.  The  representatives 
of  the  convention  declare  "that  the  waters  belong  to  the 
people,  and  maintain  that  this  right  of  the  people  is  inherent 
and  indefeasible;  and  while  recognizing  the  necessity  for 
administering  this  invaluable  possession  of  the  people  by 
state  and  federal  agencies,  each  within  its  appropriate  juris- 
diction, we  deny  the  right  of  municipalities  or  of  state  and 
federal  governments  to  alienate  or  convey  water  by  perpetual 
franchises  or  without  just  consideration  in  the  interests  of 
the  people."  The  same  declaration  of  principles  was  made 
by  the  First  National  Conservation  Congress  at  Seattle,  and 
the  Seventeenth  National  Irrigation  Congress  at  Spokane, 
both  held  in  1909. 

What  is  the  fundamental  principle  upon  which  these 
declarations  are  based?  It  is  that  a  resource  which  origi- 
nated from  a  wide  area,  but  is  available  at  a  particular  point, 
is  the  property  of  all  the  people  concerned.  To  illustrate, 
the  area  of  the  Great  Lakes,  excluding  Ontario,  is  88,360 
square  miles,  and  the  areas  of  their  drainage  is  241,560  square 
miles.  The  rainfall  of  this  vast  region  escapes  from  Lake 
Erie  through  the  Niagara  River.  At  one  place,  Niagara 
Falls,  the  water  is  available  for  the  development  of  enor- 
mous power.  Is  the  position  to  be  taken,  if  it  so  happened 
that  the  adjacent  lands  were  owned  by  private  parties,  that 
in  consequence  of  this  fact  they  own  the  water  power,  for 
which  they  paid  nothing,  and  which  if  they  were  allowed 
to  develop  fully  would  be  worth  incredible  sums?  The 
answer  is  clearly  in  the  negative.  If  this  be  the  correct 
answer  in  reference  to  Niagara  Falls,  the  same  principle 
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applies  in  the  case  of  lesser  streams  which  may  have  drainage 
areas  of  only  a  few  hundred  or  a  few  thousand  square  miles, 
but  which  are  available  for  the  development  of  power  at  only 
a  few  favored  sites. 

It  is  clear  that  originally  the  public  owned  the  water 
powers.  In  certain  localities  by  law  or  by  judicial  decision 
they  have  been  allowed  to  pass  into  private  hands.  In  all 
cases  they  should  be  subject  to  public  control.  What  are 
the  advantages  which  come  from  such  control?  Some  of 
them  are  as  follows :  — 

First,  public  control  is  necessary  to  secure  reasonable 
charges. 

Herbert  Knox  Smith,  Commissioner  of  Corporations,  Consoiida- 
states  that  already  a  large  proportion  of  the  water  powers,  *^^^  °^ 
especially  the  best  and  largest  ones,  are  owned  by  a  few  cor-  powers, 
porations.  He  says  that  the  General  Electric  Company 
controls  at  least  250,000  horse  power  and  partly  controls 
420,000  more;  that  the  Westinghouse  Company  controls 
absolutely  180,000  horse  power,  and  partly  controls  100,000 
additional;  that  eleven  other  companies  control  875,000 
horse  power, — making  a  total  in  the  control  of  thirteen  com- 
panies of  1,825,000  horse  power,  or  more  than  one  third  of 
the  entire  development  of  the  United  States.  Not  only  do 
these  companies  control  adjacent  powers,  but  by  a  system 
of  coupling  up  they  obtain  a  high  state  of  efficiency.  Since 
it  is  advantageous  to  have  the  power  uniformly  used  and  the 
calls  for  the  maximum  amount  of  power  occurs  at  different 
times  in  different  places,  by  coupling  up  a  large  number  of 
plants  a  much  higher  average  use  of  the  power  is  possible 
than  if  each  plant  were  separately  operated.  This  concentra- 
tion is  economically  advantageous.  Therefore,  conservation 
requires  us  to  encourage  concentration  and  coupling  in  order 
that  we  may  get  the  greatest  efficiency  of  the  water.  But 
if  we  permit  this,  the  users  can  only  be  protected  by  public 
control.  Hence  the  conservation  principles  with  reference 
to  water  powers  are  concentration  and  public  control. 

In  connection  with  this  question  of  concentration  another 
principle  is  to  be   considered.     While  there  may  not   be 
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monopoly  now,  or  in  the  near  future  danger  of  monopoly, 
for  the  water  powers  of  the  United  States  as  a  whole,  there 
is  now  at  various  localities  monopoly  for  individual  districts. 
The  distance  to  which  power  can  be  economically  trans- 
mitted is  limited.  It  has  been  said  that  the  usual  maximum 
is  now  not  more  than  two  hundred  miles.  Therefore  if  a 
given  company  controls  all  the  good  water  j)ower8  within  a 
certain  radius,  power  from  other  waters  cannot  compete 
because  of  the  cost  and  loss  of  long  distance  transmission. 
If  a  company,  or  a  community  of  companies,  has  the  water 
power  of  a  district,  it  has  a  monopoly  for  that  district.  As 
illustrating  this  principle,  I  quote  Herring,*  of  the  United 
States  Forest  Service,  in  reference  to  the  conditions  which 
obtain  in  the  West.  He  says  that  already  in  the  north- 
west, "Owing  to  the  low  cost  of  power  and  the  distance  to 
which  it  can  be  transmitted,  such  sites"  (that  is,  sites  for 
water  powers)  ''are  in  demand  and  it  is  almost  impoesible 
at  the  present  time  to  find  a  suitable  site  within  a  reasonable 
distance  of  a  market  for  such  a  plant  in  the  northwestern 
states,  or  on  the  west  side  of  the  Sierra  Nevada  Mountains, 
which  has  not  already  been  appropriated." 

Also  Herring  says  in  reference  to  California:  "On  four  of 
the  rivM^  in  northern  California,  where  there  is  a  possible 
development  of  over  800,000  horse  power,  only  20,000  has 
been  actually  utilized,  while  speculative  water  rights  are  held 
on  these  streams  from  which  over  566,000  horse  power  could 
be  developed;  or  in  other  words  75  per  cent  of  the  power 
possibilities  on  these  streams  have  been  alienated  from 
public  ownership  and  less  than  2  per  cent  utilized  for  useful 
purposes." 

"The  extent  to  which  the  control  of  such  plants  is  passing 
into  the  hands  of  a  few  of  the  larger  companies  is  also  well 
illustrated  in  California,  where  four  of  the  largest  companies 
have  a  combined  capital  of  $55,000,000  and  operate  30  hydro- 
electric plants  and  18  steam  plants.  The  largest  one  of  these 
companies  supplies  power  to  26  individual  lighting  com- 


'  "  Applications  of  Water  Power,"  by  W.  E.  Herring. 
Inland  Waterways  Commission,  1908,  p.  448. 
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panies  and  12  electric  railway  companies,  in  addition  to  a 
number  of  cities  and  towns  where  it  has  its  own  substations." 

Thus  it  is  plain  we  cannot  wait  until  it  is  proven  that 
monopoly  of  water  power  exists  in  the  United  States  or 
even  in  a  state.  Each  district  has  to  be  considered  by  itself, 
and  the  facts  ascertained  as  to  whether  or  not  in  it  there 
is  monopoly. 

Therefore,   the  economic  advantage  which   comes  from  Public 
large  holdings  and  from  coupling,  combined  with  the  fact  ^°^^^°^ 
that  monopoly  of  water  power  does  already  exist  in  various  to  secure 
parts  of  the  country,  and  is  likely  to  exist  elsewhere  in  the  ^^irpnce. 
near  future,  make  it  absolutely  necessary  for  the  public  to 
control  the  prices  which  may  be  charged  for  water  power. 
The  companies  must  not  be  allowed  to  decide  the  rates 
which  they  levy.     If  this  be  done  extortion  will  be  practiced. 

Second,  if  the  argument  given  on  pp.  133-135  is  sound,  that  Tax  on 
the  use  of  water  for  power  is  a  public  right,  a  tax  should  be   ^^*^'" 

o     7  powers 

levied  when  a  franchise  is  granted  to  develop  a  power  in  fair, 
order  that  the  entire  people  may  gain  the  advantage  of  a 
national  or  state  resource.  It  has  sometimes  been  said  that 
the  control  of  rates  through  a  public  utility  commission,  or 
in  some  other  way,  is  sufficient;  for  under  such  circum- 
stances the  company  developing  a  water  power  could  be 
prevented  from  gaining  more  than  a  reasonable  profit.  This 
is  true,  but  if  no  franchise  tax  be  charged  the  advantage  of 
a  great  resource  will  go  wholly  to  those  who  develop  and 
utilize  it,  not  to  the  people  as  a  whole.  The  waters  which 
flow  through  a  single  stream  may  have  fallen  upon  an  entire 
state  or  even  on  several  states.  The  waters  in  the  streams 
belong  to  the  nation  and  to  the  states  except  so  far  as  they 
have  parted  with  them.  Hence  a  franchise  tax  upon  the 
companies  that  develop  power  belonging  to  the  states  is 
equitable  and  just.  Where  there  is  adequate  public  control, 
whether  or  not  such  a  franchise  tax  is  charged  is  of  no  con- 
sequence to  the  company.  If  such  a  tax  be  levied  it  is  a 
just  charge  which  must  be  taken  into  account  in  fixing  the 
rates.  This  additional  charge  is  imposed  upon  the  con- 
sumer.   The  consumer  who  gains  the  advantage  of  the 
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cheap  power  resulting  from  a  natural  resource  can  well 
afford  to  pay  the  franchise  charge  to  the  state,  and  thus  in  a 
measure  distribute  the  advantages  of  a  great  natural  resource. 

Public  Third,  under  public  control  each  stream  may  be  so  handled 

rSd^^d^^    that  full  development  of  its  water  power  may  be  secured. 

ment.  Not  infrequently  it  happens  that  when  private  parties  locate 

dams  here  and  there,  as  their  interests  may  require,  the 
locations  are  not  such  as  to  give  complete  development. 
Therefore,  before  any  franchises  for  dams  are  granted  on 
any  river,  a  careful  investigation  of  the  entire  stream  and 
all  its  tributaries  should  be  made  by  competent  engineers, 
and  the  sites  and  heights  of  dams  at  each  site  be  designated 
in  order  that  full  efficiency  of  that  stream  system  may  be 
developed  with  the  smallest  expenditure  of  capital.  This  is 
only  possible  through  public  regulation. 

To  illustrate:  There  may  be  a  possible  water  power  site 
where  A.  B.  is  the  riparian  owner.  There  may  be  another 
site  on  land  below  owned  by  C.  D.,  the  full  development 
of  which  would  back  the  water  so  that  the  power  site  on 
the  land  of  A.  B.  is  worthless.  In  this  case,  whether  there 
shall  be  one  or  two  water  powers  developed,  should  be  deter- 
mined by  the  resulting  economy  and  efficiency.  If  concen- 
trating the  full  possible  power  of  the  two  sites  at  the  lower 
one  will  give  the  best  results,  this  should  be  done. 

Public  In  order  that  there  shall  be  full  development,  it  is  neces- 

sary that  there  be  public  control  of  the  reservoir  sites;  for, 
as  has  been  shown  (pp.  128-129),  this  is  only  possible  by  the 
use  of  reservoir  systems.  Since  the  benefits  of  a  reservoir 
on  the  headwaters  of  a  stream  are  not  for  one  power  simply, 
but  for  all  the  water  powers  below,  one  owner  or  operator 
cannot  afford  to  construct  the  reservoir.  And  for  the  full 
improvement  of  a  stream  system  the  problem  is  not  the 
construction  of  one  reservoir,  but  often  many  reservoirs 
situated  on  different  branches.  Moreover,  the  drawing  of 
the  water  from  these  reservoirs  must  be  considered  as  one 
complex  problem  in  order  to  give  as  nearly  a  uniform 
flow  as  possible  to  the  different  water  powers  below.  Hence 
the  construction  and  operation  of  a  system  of  reservoirs  on 
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a  river  system  must  be  a  unit  from  the  headwaters  of  the 
many  branches  to  the  lowest  place  at  which  water  may  be 
used  for  power.  Even  with  reference  to  water  powers  alone 
this  can  only  be  accomplished  by  government  or  state  con- 
trol. 

But  in  the  humid  regions  reservoirs  are  constructed  and 
operated  not  only  with  reference  to  power,  but  with  reference 
to  navigation;  and  navigation  is  under  the  control  of  the 
government.  As  an  illustration  may  be  mentioned  the 
Mississippi  River,  the  headwaters  of  which  are  in  Minnesota 
and  Wisconsin.  The  existing  reservoirs  in  these  states  have 
been  in  part  constructed  with  reference  to  navigation  and 
in  part  with  reference  to  water  powers  (see  p.  128).  For 
such  a  great  system  of  reservoirs  the  only  agency  which  can 
satisfactorily  control  the  manner  of  drawing  off  the  water 
from  the  different  storage  sites  and  adjust  the  charges  pro- 
portionally to  the  benefits,  is  some  public  authority,  the 
nation  or  the  state,  or  the  two  in  cooperation. 

It  will  be  seen  (pp.  149,  173)  that  already  the  government  Public 
has  applied  the  principle  of  ownership  of   reservoirs  both  ownership 
with  reference  to  navigation  and  with  reference  to  irrigation;  reservoirs, 
and  recently  the  Secretary  of  the  Interior,  with  reference  to 
water  powers,  has  recommended  that  all  remaining  reservoir 
sites  upon  the  public  domain  be  reserved  permanently  as 
the  property  of  the  nation. 

Fourth,  the  public  has  the  right  to  require  that  those 
who  control  water  power  resources  shall  develop  them  on  a 
scale  sufficient  to  meet  the  needs  of  the  people. 

Without  public  control,  water  power  sites  may  be  acquired  Public 
and    held    indefinitely  without    development,  the    purpose  control 
bemg  to  prevent  the  competition  of  others,  or  to  gam  mo-  adequate 
nopoly  for  the  district.     It  has  been  stated  that  in  California  develop- 
on  four  rivers  holding  companies  have  sites  capable  of  de- 
veloping 566,000  horse  power,  on  which  only  20,000  horse 
power  have  been  developed;  and  yet  in  that  state  an  ex- 
tremely high  charge  is  made  for  power  sold  (pp.  130-131). 

In  the  California  case,  each  decrease  in  rate  will  increase 
the  amount  of  power  used.     Increase  in  the  amount  of 
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power  used  will  result  in  larger  and  therefore  more  econom- 
ical installations.  Thus  there  is  action  and  reaction.  This 
should  continue  until  there  is  the  largest  development 
of  power  economically  possible  at  the  lowest  reasonable 
rates. 

Many  cases  could  be  cited  where  a  water  power  is  not 
fully  developed,  and  a  great  excess  of  water  is  flowing  over 
the  dam  unused,  while  a  high  rate  is  being  charged  for  power 
furnished.  The  public  may  require  as  a  condition  of  a 
franchise  that  construction  shall  be  begun  within  a  reason- 
able period  and  that  the  power  shall  be  developed  as  rapidly 
as  it  is  needed  and  at  a  reasonable  rate. 
PubUc  Fifth,  an  additional  reason  for  public  control  is  public 

control  safety.  I  need  only  to  call  your  attention  to  the  Johnstown 
for  public  disaster,  which  resulted  from  the  break  of  a  dam  too  weak 
safety.  ^o  hold  back  the  waters  at  the  time  of  a  flood.      A  reservoir 

was  built  on  the  Little  Conemaugh  River  above  Johnstown, 
capable  of  storing  480,000,000  cubic  feet  of  water.  This 
reservoir,  after  belonging  to  the  state  and  to  the  Pennsylvania 
railroad,  was  sold  to  the  South  Fork  Hunting  and  Fishing 
Club  of  Pittsburg.  In  May,  1889,  there  was  a  flood  rainfall 
upon  the  headwater  of  this  stream  from  2.5  to  7.8  inches. 
The  spillways  of  the  dam  had  been  somewhat  obstructed  by 
screens  placed  across  them  to  prevent  the  passage  of  fish. 
When  the  flood  came  the  dam  broke  and  a  great  mass  of 
water,  estimated  in  height  at  thirty  feet,  passed  down  over 
the  various  towns  above  Johnstown,  and  so  on  to  that  city. 
Some  towns  were  entirely  destroyed,  and  it  is  estimated  that 
30  per  cent  of  the  inhabitants  of  Johnstown  perished.  While 
the  loss  of  life  was  never  known,  it  was  estimated  at  the 
time  from  10,000  to  18,000.  The  loss  of  property  has  never 
been  accurately  estimated,  but  it  was  certainly  many  millions 
of  dollars.  Merely  to  clear  up  the  debris,  covering  some 
thirty  acres  above  the  masonry  bridge  of  Johnstown,  required 
three  quarters  of  a  million  dollars. 

It  has  sometimes  been  said  that  public  control  of  dam 
construction  is  unnecessary,  since  the  parties  building  the 
dams  should  be  responsible  for  the  resulting  damage.     Is  it 
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likely  that  the  South  Fork  Hunting  and  Fishing  Club  of 
Pittsburg  was  responsible  for  one  hundredth  part  of  the 
damage  to  property  which  resulted  from  the  broken  Cone- 
maugh  dam,  saying  nothing  of  the  appalling  loss  of  life? 
Therefore  it  is  not  sufficient  to  say  that  those  who  built  dams 
are  responsible  for  them.  Every  dam  which  is  constructed 
in  such  a  position  that  if  it  breaks,  its  loosed  waters  will 
menace  life  and  property,  should  have  the  approval  of  a 
state  engineer.  Only  so  are  we  even  reasonably  safe.  It  is 
natural  for  those  furnishing  capital  to  desire  a  large  return 
on  their  investment.  They,  therefore,  sometimes  take  a 
chance  and  in  the  construction  introduce  too  small  a  factor 
of  safety.  Under  public  control  it  would  be  the  duty  of  the 
state  engineer  to  introduce  a  sufficiently  large  factor  of 
safety  so  that  the  greatest  flood  which  will  come  shall  not 
carry  away  the  dam  and  thus  destroy  life  and  property 
below.  It  is  an  imperative  necessity  to  the  safety  of  the 
people  that  the  control  of  water  powers  rest  with  the  public. 
Now  that  the  reasons  have  been  presented  for  public  con- 
trol of  water  powers,  facts  will  be  presented  as  to  the 
extent  to  which  such  control  has  been  assumed. 


Control  in  Foreign  Countries 

In  the  Province  of  Victoria,  Australia,  water  may  be 
diverted  only  by  license.  The  licenses  are  for  a  limited 
period  and  the  charge  is  apportioned  to  the  amount  diverted 
and  its  value  to  the  user.  Upon  the  average  for  the  develop- 
ment of  hydro-electric  power  the  franchise  charge  is  $5  per 
horse  power  per  annum. 

In  New  South  Wales  the  government  retains  the  owner- 
ship of  a  strip  of  the  land  sixty-six  feet  wide  along  all  the 
water  fronts.  Thus  this  country  not  only  retains  the  water 
but  the  riparian  rights.  Hence  it  owns  the  water  absolutely 
for  all  purposes,  water  supply,  water  power,  irrigation,  navi- 
gation, fishing,  etc. 

In  Switzerland,  in  1908,  an  amendment  to  the  constitu- 
tion was  adopted;  granting  to  the  federal  government  con- 
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trol  of  franchises  to  utilize  water  powers.  Under  this  act 
the  federal  Congress  regulates  "the  disposal  and  terms  of 
water  right  concessions,  as  well  as  the  transmission  and 
delivery  of  electrical  energy,  so  far  as  the  protection  of  pub- 
lic interests  and  the  proper  development  of  these  resources 
require  such  regulation."  Where  federal  interests  do  not 
require  regulation  the  water  is  under  the  jurisdiction  of  the 
cantons.  But  whether  it  be  by  the  federal  government  of 
Switzerland  or  by  the  cantons  there  is  public  regulation  in- 
cluding a  franchise  charge. 

According  to  Howe,  fully  70  per  cent  of  the  power  gener- 
ated in  Switzerland  is  either  owned  by  public  authorities  or 
is  under  public  control  through  ownership  of  stock  in  the 
operating  companies.  At  the  present  time  the  cities  and 
cantons  are  constructing  for  their  own  use  and  for  distribu- 
tion very  large  installations,  one  of  them  being  expected  to 
develop  60,000  horse  power. 

In  France  *  streams  are  divided  into  two  classes,  navigable 
and  non-navigable.  The  navigable  streams  belong  to  the 
public  domain  and  therefore  the  nation  has  the  entire  dis- 
position of  the  water.  It  grants  permission  to  develop 
hydraulic  plants  and  to  use  the  water  for  other  purposes 
upon  a  rental.  The  right  of  the  use  of  water  for  the  develop- 
ment of  hydraulic  power  on  non-navigable  streams  is  recog- 
nized as  belonging  to  the  riparian.  The  bed  of  such  water 
courses  belongs  to  the  proprietors.  In  this  respect  French 
law  is  like  that  of  Wisconsin  (see  p.  158).  Various  bills 
have  been  proposed  to  regulate  the  development  and  use  of 
hydro-electric  power  on  non-navigable  streams  by  conces- 
sions and  payments  for  the  use  of  the  power,  but  as  yet  no 
such  law  has  been  enacted. 

In  Italy  ^  under  a  law  of  1884  concessions  are  granted  for 
the  development  of  water  power,  which  concessions  include 
"the  conditions  of  diversion,  withdrawal,  use,  and  restora- 
tion of  the  waters,  the  rental,  etc."    A  concession  cannot 


* "  The  Public  Utility  of  Water  Powers  and  their  Governmental  Reg\ila- 
tion,"  by  Ren6  Tavemier  and  Marshall  O.  Leighton.  Water  Supply  Paper 
238,  U.  S.  Geol.  Survey,  pp.  74-92.  »  Uk,  cU^  pp.  40-17. 
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be  granted  for  a  period  greater  than  thirty  years,  but  may 
be  renewable  in  favor  of  the  first  concessionaire  for  another 
period  of  thirty  years.  The  rentals  are  fixed  at  three  francs 
per  horse  power  per  annum  for  industrial  diversions. 

For  a  large  part  of  Ontario  a  strip  of  land  four  rods  wide  Public 
along  the  water  fronts  is  reserved  to  the  government.  How-  q^^  ^^ 
ever,  I  am  informed  by  Frank  Denton,  Esq.,  of  Toronto, 
that  in  some  parts  of  the  province,  and  particularly  where 
the  townships  are  small,  i,e.  six  miles  square,  no  reservations 
have  been  made.  Apparently  there  is  no  easy  explanation 
of  why  reservations  have  been  made  along  water  fronts  in 
parts  of  this  province  and  not  in  others.  So  far  as  such 
rights  have  been  retained,  and  this  is  true  of  a  large  part  of 
the  province,  the  situation  with  reference  to  riparian  rights 
is  exactly  the  same  as  in  Victoria,  —  the  waters  are  public 
for  all  purposes. 

In  1907  the  legislative  assembly  of  Ontario  passed  the 
power  commission  act  to  provide  for  the  transmission  of 
electrical  power  to  municipalities  and  creating  the  hydro- 
electric power  commission  of  Ontario.  This  commission  has 
authority  to  appoint  engineers,  accountants,  a  secretary, 
and  other  ofiicers  as  may  be  necessary.  It  has  authority 
to  expropriate  water  powers  which  have  already  been 
developed.  It  may  operate  water  powers.  It  may  furnish 
power  to  municipalities;  and  municipalities  may  in  turn  use 
the  power  for  heat,  light,  and  power,  and  may  sell  power  to 
private  parties.  The  commission  may  contract  with  rail- 
ways for  distributing  power,  or  for  right  of  way.  It  may 
charge  for  power  sufficient  to  pay  for  the  cost  of  operation, 
maintenance,  repair,  and  renewing,  for  forming  a  sinking 
fund  sufficient  to  extinguish  the  capital  account  in  thirty 
years,  and  to  pay  interest  at  the  rate  of  4  per  cent  on  the 
money  invested:  to  carry  out  the  provisions  of  the  act 
the  lieutenant  governor  in  council  may  loan  money  on 
the  credit  of  the  province.  There  is  no  limit  to  this  au- 
thority. 

By  an  order-in-council  of  the  government  of  Ontario, 
January  16,  1907,  general  regulations  were  made  as  to  the 
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control  and  development  of  water  powers,  exceeding  150 
horse  power  at  their  average  low  stage.  Under  this  order 
the  right  to  develop  water  powers  may  be  granted  to  private 
parties.  The  locations  and  all  plans  and  specifications  in 
reference  to  same  are  to  be  fully  approved  by  a  competent 
engineer  satisfactory  to  the  minister  of  lands,  forests,  and 
mines.  No  lease  shall  be  granted  for  a  longer  term  than 
twenty  years,  with  privilege,  however,  of  renewal  for  two 
successive  terms  of  ten  years  each.  For  leases,  rentals  are 
fixed  by  the  minister.  The  rights  of  running  logs,  fishing, 
and  navigation  are  fully  protected.  Power  must  be  de- 
veloped withm  a  definite  period  to  a  specified  portion  of 
the  energy  available.  The  rates  which  may  be  charged 
other  parties  for  power  are  controlled  by  the  hydro-electric 
commission.  At  the  expiration  of  the  lease,  the  property, 
with  all  permanent  improvements,  excluding  machinery, 
becomes  the  property  of  the  crown;  provided,  however, 
that  if  the  province  makes  appropriations  therefor,  the 
hydro-electric  commission  may  pay  the  lessee  by  way  of 
compensation  such  sums  as  they  may  deem  proper  for  such 
improvements.  Non-payment  of  rental  for  ninety  days,  or 
neglect  to  operate  or  produce  power  for  one  year,  may  result 
in  cancellation  of  the  lease. 

Even  the  above  does  not  give  the  full  provisions  for  the 
control  of  water  powers  in  Ontario;  but  the  summary  made 
is  sufficient  to  show  that  the  principles  advocated  by  the 
North  American  Conservation  Conference  are  there  fully 
applied.  In  the  handling  of  water  powers,  the  people  of 
the  province  of  Ontario  iiave  shown  greater  wisdom  than 
the  majority  of  the  states  of  the  Union. 


Control  in  the  United  Stales 

In  treating  public  control  of  water  powers  in  the  United 
States  it  is  advisable  to  mention  the  origin  of  the  public 
rights  in  navigable  streams.  This  information  I  have  derived 
from  a  brief  furnished  by  Professor  E.  A.  Gilmore,  of  the 
Law  School  in  the  University  of  Wisconsin. 
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In  England,  tidal  waters  are  public  waters,  and  public  for  Law  of 
all  purposes.  Since  in  England  few  streams  that  are  not  P^^lic 
tidal  are  navigable,  tidal  waters  and  navigable  waters  are 
usually  interchangeable  terms.  But  in  those  cases,  where 
waters  not  tidal  are  navigable,  it  has  been  held  that  in  fact 
the  test  as  to  whether  waters  are  public  is  their  navigability. 
The  common  law  of  England  passed  to  this  country.  Here 
are  nimierous  large  streams  which  are  navigable  and  not 
tidal.  Consequently  the  modification  in  the  principle  of 
tidal  waters  above  given  is  of  fundamental  importance.  It 
has  been  held  in  this  country  that  waters  which  are  in  fact 
navigable  are  pubUc  waters,  are  a  p^rt  of  the  community  or 
collective  property  of  the  state  or  nation. 

It  is  held  by  Gilmore  that  the  fact  that  the  public  waters  Extent  to 
have  been  mainly  used  for  navigation,  fishing,  and  ice  does  which 
not  prevent  them  from  being  public  for  other    purposes,  public. 
Only  recently  has  there  been  great  development  of  hydro- 
lectric  power;   hence  the  attention  of  the  people  has  not 
the  past  been  directed  to  this  use  of  the  water.     They 
ire  now  claiming  this  use  as  a  public  use,  whereas  heretofore 
juch  use  has  been  often  by  private  parties  without  public 
^control.    Hence  differences  of  opinion  have  arisen  as  to  the 
(extent  of  the  public  right  in  water.     Those  following  to  its 
logical  conclusion  the  common  law  hold  that  the  develop- 
ment of  hydraulic  power  on  all  navigable  streams  may  be 
[held  to  be  a  public  use  and  may  be  controlled  by  the  public. 
jNow,  how  far  has  this  theory  been  applied  ? 


Control  hy  the  United  States  Government 

The  United  States  Constitution  gives  Congress  the  right 
to  regulate  interstate  commerce,  and  this  involves  the  com- 
)lete  control  of  navigation. 

Charles  Edward  Wright,^  assistant  attorney  of  the  Secre- 
tary of  the  Interior,  holds  that  under  this  right,  where  the  gov- 

*  "  The  Scope  of  State  and  Federal  Legislation  concerning  the   Use  of 
Waters,"  by  Charles  Edward  Wright.     An.  Am.  Ac.  Pol.  and  Soc.  Sci.,  Vol. 
XXXIII,  pp.  566-682. 
L 
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eminent  produces  a  water  power  for  the  improvement  of  navi- 
gation, "it  owns  what  it  produces,  and  it  may  sell  or  lease 
the  right  to  utilize  its  creature." 

Mr.  Wright  goes  farther  and  holds  that  the  control  of  navi- 
gation empowers  the  government  to  do  anything  necessary  in 
order  to  secure  the  conditions  for  navigation,  including  if  nec- 
essary the  control  of  the  headwaters  of  navigable  streams,  the 
building  of  dams  upon  them  to  make  reservoirs,  as  well  as 
building  dams  upon  main  streams. 
General  Special  acts  by  Congress,  permitting  the  construction  of 

uSted  dams  across  navigable  rivers,  are  subject  to  a  general  act,'  1906, 

States  as  which  places  the  control  of  the  construction  in  the  charge  of 
to  dams.  ^.j^g  ^.^nei  of  engineers,  giving  him  power  to  protect  all  the  pub- 
lic interests  of  navigation,  fisheries,  etc.  "  In  approving  said 
plans  and  location,  such  conditions  and  stipulations  may  be 
imposed  as  the  chief  of  engineers  and  the  secretary  of  war  may 
deem  necessary  to  protect  the  present  and  future  interests  of 
the  United  States." 

The  law  contains  the  very  important  provision  *'  that 
the  right  to  alter,  amend,  or  repeal  this  act  is  hereby  expressly 
reserved  as  to  any  and  all  dams  which  may  be  constructed 
in  accordance  with  the  provisions  of  this  act,  and  the  United 
States  shall  incur  no  liability  for  the  alteration,  amendment, 
or  repeal  thereof  to  the  owner  or  owners  or  any  other  persons 
interested  in  any  dam  which  shall  have  been  constructed  in 
accordance  with  its  provisions." 

Under  this  general  act  seventy-eight  special  acts  have  been 
passed.^  It  appears  probable  that  if  Congress  in  the  future 
decides  to  permit  the  construction  of  dams  only  as  an  incident 
to  navigation  with  the  condition  that  a  charge  be  made  for 
the  privilege,  this  may  be  done. 

An  act  approved  March  3,  1909,  provided  for  the  acquir- 
ing by  the  government  of  water  powers  already  developed  at 
Sault  Ste.  Marie,  Michigan,  and  authorizes  the   Secretary 

*  U.  S.  Rev.  Stat.,  Ch.  3508.  Vol.  34,  p.  386. 

'  "  The  Public  Utility  of  Water  Powers  and  their  Governmental  Regula- 
tion," by  Ren6  Tavernier  and  Marshall  O.  Leighton,  Water  Supply  Paper 
238,  U.  S.  Geol.  Survey,  p.  125. 
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of  War  to  lease  the  water  powers  developed,  with  the  pro- 
vision *'that  a  just  and  reasonable  compensation  shall  be  paid 
for  the  use  of  all  waters  or  water  powers  now  or  hereafter 
owned  in  St.  Mary's  River  by  the  United  States,  whether 
utilized  in  said  river  or  in  any  lateral  canal,  such  compensa- 
tion to  be  fixed  by  the  secretary  of  war." 

Also  under  the  same  act  the  Secretary  of  War  "is  authorized  Sale  of 
and  empowered  to  grant  leases  or  licenses  for  the  use  of  water  ^^*®^ 
power  created  by  the  government  dam  on  the  Wabash  River  developed 
at  Mt.  Carmel,  Illinois,  at  such  a  rate  and  on  such  conditions,  f^  incident 

-    .  1  •       •  .to  naviga- 

and  for  such  periods  of  time,  as  may  seem  to  him  just,  equi-  tion. 
table  and  expedient,  the  said  leases  or  licenses  to  be  limited  to 
the  use  of  the  surplus  water  not  required  for  navigation  and  for 
a  period  not  exceeding  twenty  years;  and  he  is  also  em- 
powered to  grant  leases  and  licenses  not  exceeding  twenty 
years  for  the  occupation  of  such  land  belonging  to  the  United 
States  on  said  river  as  may  be  required  for  millsites  or  other 
industrial  purposes,  not  inconsistent  with  the  requirements 
of  navigation."  The  moneys  collected  from  such  leases  or 
licenses  go  into  the  United  States  treasury. 

According  to  the  chief  of  engineers,  in  1908  power  generated 
on  government  dams  was  sold  to  the  amount  of  3243  horse 
power,  the  revenue  derived  from  the  same  being  some  $5600. 
The  power  sold  is  principally  on  the  Muskingum,  Green,  and 
Kentucky  rivers,  in  the  Ohio  Valley.^ 

We  thus  see  that  the  principle  of  payment  for  water  power 
on  navigable  streams  has  been  put  into  force  by  the  United 
States  government  in  reference  to  dams  and  water  powers 
which  it  creates  as  an  incident  to  navigation. 

The  acts  above  cited  leave  open  the  question  as  to  whether  Law  doea 
the  United  States  government  can  make  a  charge  for  the  use  of  ^e^harge^" 
water  power  on  a  navigable  stream  when  the  dams  and  im-  when  dam 
provements  are  made  by  private  parties.    Upon  this  point  ^°^^*^^^^ 
Attorney-general  Wickersham,  in  an  opinion  recently  given,  parties. 
holds  that  under  the  act  of  June  21,  1906,  the  chief  of  engi- 

*  "  The  Public  Utility  of  Water  Powers  and  their  Governmental  Regula- 
tion," by  Ren6  Tavernier  and  Marshall  O.  Leighton,  Water  Supply  Paper  238, 
U.  S.  Geol.  Survey,  p.  137. 
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neers  and  the  Secretary  of  War  are  not  authorized  "to  require 
as  a  condition  to  a  license  for  the  construction  of  a  dam  across 
a  navigable  river  the  payment  of  a  sum  or  sums  by  way  of 
compensation  for  the  privilege  granted,  although  they  may  re- 
quire such  payment  or  assumption  of  expenses  as  are  necessary 
or  proper  to  insure  the  navigability  of  the  stream."  This 
opinion  was  given  in  reference  to  a  proposed  dam  at  Prairie  du 
Sac  on  the  Wisconsin  River. 

The  opinion  of  the  attorney-general  does  not  cover  the 
point  as  to  whether  Congress  may  impose  a  franchise  tax  upon 
water  powers  developed  on  navigable  streams  by  private 
expenditure.  The  opinion  simply  holds,  that  under  the  law 
of  1906,  Congress  did  not  contemplate  such  charge. 

The  possibility  that  Congress  may  in  the  future  make  a 
charge  for  the  use  of  water  power  which  is  developed  by  the 
investment  of  private  capital  is  foreshadowed  by  an  arrange- 
ment made  in  reference  to  the  construction  of  a  dam  at  Rainy 
River,  Minnesota.  In  1908  a  bill  was  passed  by  Congress 
extending  the  time  of  construction  of  this  dam,  the  owning 
company  having  agreed  in  advance  that  the  chief  of  engineers 
should  embody  the  following  conditions  and  agreements  in 
the  approval  of  the  plans  and  specifications  of  the  company:  * 

"First,  such  reasonable  limitations  as  to  the  time  for  such 
grant  as  the  Secretary  of  War  shall  impose,  conditioned  that 
the  United  States  shall  not  be  subjected  to  any  expense  in  the 
removal  of  such  or  any  obstruction  or  improvement  caused 
by  said  company  either  at  the  expiration  of  said  grant,  or  at 
any  other  time  that  the  United  States  may  direct  the  same  to 
be  removed. 

"Second,  that  the  said  Rmny  River  Improvement  Com- 
pany has  agreed  and  will  agree  to  the  payment  of  such  charge 
to  the  United  States  as  may  be  required  by  the  Secretary  of 
War,  either  under  the  present  law  or  as  may  be  hereafter  de- 
termined by  authority  of  Congress. 

"Third,  that  this  grant  is  expressly  made  subject  to  any 
impositions  hereinafter  authorized  or  directed  by  Congress 
embodied  in  any  general  law  or  special  modification  or  change 


*  H.  R.  60th  Congress.  1st  Session.  Report  No.  1767. 
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of  this  or  other  Acts,  and  that  a  special  reservation  to  this 
effect  shall  be  an  essential  part  of  such  approval  of  said  plans 
by  the  Secretary  of  War  and  Chief  of  Engineers. 

"Fourth,  that  any  application  of  said  company  for  the  ap- 
proval of  its  plans  and  specifications  whenever  made,  shall  be 
agreed  by  said  parties  to  be  within  the  purview  of  a  part  of 
and  as  authorized  by  the  pending  act  of  Congress  whenever 
the  same  shall  become  a  law;  and  that  all  the  provisions  of  the 
approval  of  the  Secretary  of  War  and  Chief  of  Engineers  to 
said  plans  and  specifications  and  all  conditions  as  a  part 
thereof  shall  be  a  part  of  the  authority  of  said  officers  now  or 
hereafter  conferred  by  general  or  special  acts  of  Congress 
with  reference  to  this  project.'* 

Thus  in  the  case  of  the  development  of  water  powers  on 
navigable  streams  in  which  the  improvements  are  made  by 
private  parties  with  the  consent  of  Congress  and  the  Secretary 
of  War,  it  is  not  yet  determined  whether  the  United  States 
may  impose  a  franchise  tax  under  the  authority  to  regulate 
commerce.  It  seems  to  me  to  be  extremely  probable  that  if 
Congress  should  authorize  the  construction  of  a  dam  as  an 
incident  to  improving  navigation  and  with  the  condition  that 
a  franchise  charge  should  be  made  for  the  privilege,  the  Su- 
preme Court  would  be  very  slow  to  overturn  it.  This,  how- 
ever, is  an  individual  expression  of  opinion. 

Where  water  power  sites  are  on  the  government  domain, 
there  is  no  question  that  a  franchise  charge  for  water  powers 
may  be  imposed. 

The  first  reservation  of  reservoirs  by  the  United  States  Power 
government  was  not  made  primarily  with  reference  to  water  developed 
powers,  but  with  reference  to  irrigation.    Under  laws  passed  in  nection  with 
1888, 1890,  and  1891,  the- reservoir  sites  which  were  selected  by  irrigation 
the  United  States  Geological  Survey  primarily  with  refer-  gold, 
ence  to  irrigation,  were  reserved  from  entry.    Under  these 
laws   reservoirs    in    various   states   were   selected   by  the 
irrigation    division    and  have   been   reserved    from   entry. 
Where  irrigation    projects    have    developed    power    which 
is  not  required  with  reference  to  irrigation,  the  Secretary 
of  the  Interior  may  lease  the  surplus  power  produced  for  a 
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period  not  exceeding  ten  years,  giving  the  preference  to  power 
for  municipal  purposes.  The  money  received  from  such 
power  goes  into  the  reclamation  fund  and  is  placed  to  the 
credit  of  the  project  from  which  the  power  is  derived. 

During  the  latter  part  of  President  Roosevelt's  administra- 
tion in  1909,  a  large  number  of  sites  on  29  streams  were  with- 
drawn directly  with  reference  to  power  instead  of  with  refer- 
ence to  irrigation.  Under  President  Taft's  administration  an 
even  larger  number  of  power  sites  have  been  withdrawn,  cover- 
ing 97  streams  not  heretofore  withdrawn,  making  a  total  of  126 
streams  along  which  withdrawals  have  been  made.  March 
4,  1910,  the  acreage  of  the  pow^  sites  withdrawn  amounted 
to  about  1,300,000  acres  of  public  land  and  200,000  acres 
of  entered  land. 

The  United  States  Forest  Service  is  granting  water  power 
concessions  in  the  national  forests  under  a  series  of  elaborate 
provisions,  which  comprise  the  application  of  the  principles 
advocated  by  the  North  American  Conservation  Conference. 
Among  these  conditions  are  the  requirement  of  construction 
within  a  reasonable  time,  a  construction  charge  in  proportion 
to  the  land  occupied  to  such  time  as  the  plant  is  put  into  opera- 
tion, and  "annually  thereafter  a  net  operation  charge  fixed  by 
the  forester,"  based  upon  the  amount  of  electrical  energy  de- 
veloped. The  charge  for  the  first  year  is  nominal,  —  two  cents 
per  thousand  kilowatt  hours,  but  gradually  is  increased  until 
from  the  forty-sixth  to  the  fiftieth  year  it  is  thirty-two  and 
a  half  cents  per  thousand  kilowatt  hours.  The  contracts 
further  require  continuous  operation  for  a  reasonable  fraction 
of  the  full  power  capacity  of  the  site,  termination  of  the  per- 
mit at  the  end  of  fifty  years,  with  the  privilege  of  renewal 
on  such  conditions  as  the  government  may  impose,  and  for- 
feiture in  case  of  becoming  part  of  a  combination  or  trust. 

As  a  final  step  by  the  government  toward  securing  returns 
for  the  water  powers  of  the  public  domain,  R.  A.  Ballinger, 
Secretary  of  the  Interior,  with  the  approval  of  President  Taft, 
has  presented  to  Congress  a  bill  embodying  among  others  the 
following  features :  The  Secretary  of  the  Interior  is  authorized 
to  withdraw  from  entry  the  parts  of  the  public  domain  which 
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are  more  valuable  for  power  development  than  for  other  uses. 
He  may  grant  leases  for  the  development  of  water  power  for  a 
term  of  not  exceeding  forty  years,  the  lessee  being  allowed 
five  years  to  construct  all  necessary  works  and  to  develop 
at  least  25  per  cent  of  the  power.  For  such  lease  a  charge  is  to 
be  made  in  proportion  to  the  power  developed  and  may  be  in- 
creased every  ten-year  period  during  the  lease.  Each  lease 
shall  fix  the  minimum  payment  to  be  made  each  year  by  the 
lessee,  independent  of  the  power  developed,  but  this  mini- 
mum may  be  increased  at  the  end  of  each  ten-year  period. 
The  leases  shall  contain  provisions  which  shall  fix  the  maxi- 
mum price  beyond  which  the  lessee  shall  not  charge  the  public 
for  power  developed.  At  the  end  of  the  lease  a  new  lease  will 
be  offered  to  the  original  lessee  on  equitable  terms  based  upon 
an  appraisal  value  of  the  privilege.  In  the  event  that  such 
lessee  shall  decline  to  renew  his  lease  the  same  is  to  be  sold  at 
public  auction  ^'at  an  upset  price  to  be  based  on  the  appraisal 
of  the  privileges  and  improvements,  and  the  original  lessee 
shall  thereupon  be  entitled  to  be  compensated  to  the  extent 
of  the  sum  received  for  the  improvements  only."  Of  the 
money  received  from  the  leases,  one  third  is  to  be  paid  to  the 
state  or  territory  in  which  the  power  exists,  to  be  expended 
for  roads  and  schools  in  the  county  where  the  leaseholds  are 
situated,  and  the  other  two  thirds  is  to  go  to  the  general 
fund  of  the  United  States  treasury. 

If  Congress  acts  favorably  upon  the  recommendatioil  of  the 
Secretary,  the  water  powers  now  a  part  of  the  public  domain 
will  be  perpetually  retained  as  the  property  of  the  nation. 
Bills  are  pending  in  Congress  which  provide  for  the  transfer 
to  the  western  states  of  all  water  power  sites  now  owned 
by  the  federal  government.  It  is  to  be  hoped  that  none 
of  these  bills  will  be  enacted  into  law.  It  would  be  far  easier 
for  those  interested  in  acquiring  water  powers  and  operating 
them  without  restraint  to  secure  this  under  state  than 
under  federal  control. 

It  is  apparent  that  since  the  movement  for  conservation  be- 
gan two  years  ago,  there  has  been  an  astonishing  development 
of  public  sentiment  in  reference  to  the  control  of  the  water 
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Develop-  '    powers  of  the  United  States,  and  that  the  expression  of  public 
ment  sentiment  has  resulted  in  putting  into  operation  principles 

M  tTp^iS*^  which  have  been  advocated  by  the  various  conservation  con- 
control  of  gresses  and  associations.  Already  we  have  in  force  the  princi- 
ple that  water  power  developed  by  the  government  may  be 
sub j  ect  to  a  proper  charge.  We  have  the  question  raised  as  to 
whether  water  power  developed  by  private  parties  upon  navi- 
gable streams  in  the  United  States  may  be  subject  to  a  fran- 
chise charge.  We  have  all  the  limitations  recommended  by 
the  North  American  Conservation  Conference  imposed  upon 
the  development  of  water  power  in  the  national  forests.  Fi- 
nally, the  Secretary  of  the  Interior  has  withdrawn  from  private 
entry  all  water  power  sites  which  still  remain  a  part  of  the 
public  domain,  and  recommends  to  Congress  that  these  be 
permanently  held  by  the  United  States  so  that  they  may  be 
forever  the  property  of  the  people. 


Control  by  States 

The  next  subject  to  be  considered  is  the  control  of  water 
power  by  states.  So  far  as  the  right  to  the  water  is  not  re- 
tained by  the  government  under  the  general  authority  to 
control  commerce,  and  so  far  as  the  government  does  not 
retain  the  land  where  water  power  may  be  developed, 
the  water  rights  have  passed  to  the  states  or  to  in- 
dividuals, —  in  part  to  the  states  and  in  part  to  individuals. 
The  question  at  once  arises  as  to  how  far  these  rights  are 
vested  in  the  states,  and  how  far  they  are  vested  in  individ- 
uals. According  to  Assistant  Attorney  Wright,  except  so  far 
as  necessary  for  navigation,  "the  water  in  theory  is  the  prop- 
erty of  the  state  and  not  of  the  nation." 
Streams  in  This  general  statement  leaves  unsettled  the  question  as  to 
Si?8tl^tr'  *^®  ®^^^*  extent  to  which  the  United  States  government  will 
assume  control  under  the  authority  to  regulate  conmierce. 
Probably  it  may  be  assumed  that  where  streams  declared  to  be 
navigable  by  the  government  run  through  more  than  one  state, 
or  are  between  two  states,  or  both,  such  streams  are  wholly 
under  the  control  of  the  United  States  government ;  and  if  a 
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franchise  charge  be  imposed  for  the  development  of  water 
powers,  such  charge  will  be  by  the  government,  since  in  such 
cases  no  dam  or  other  construction  can  be  built  without  the 
consent  of  Congress.  When  Congress  gives  such  consent,  that 
body  will  doubtless  attach  franchise  charges  if  this  be  deemed 
advisable. 

A  second  class  of  streams,  declared  to  be  navigable  by  the  Streams 
United  States  government,  lie  wholly  within  a  single  state,  ^^^l^ 
Under  such  circumstances  a  dam  may  be  built  across  the  single  state, 
river  without  a  specific  act  of  Congress,  and  the  chief  of 
engineers  and  Secretary  of  War  may  approve  the  construction 
of  such  a  dam  provided  the  consent  of  the  legislature  of  the 
state  concerned  be  first  secured.     In  such  cases,  since  the 
legislative  enactment  is  by  the  state,  it  is  probable  that  any 
franchise  tax  which  may  be   charged  would  be  levied  by 
and  would  go  to  the  state. 

In  the  third  class  of  cases,  streams  have  been  declared 
navigable  by  state  enactment  or  by  state  courts  which 
are  not  regarded  as  navigable  from  the  point  of  view  of  the 
United  States.  In  such  cases  it  seems  clear  that  any  fran- 
chise charges  imposed  in  connection  with  the  same  would 
be  by  the  state. 

I  shall  not  attempt  to  present  an  exhaustive  statement  of 
the  extent  to  which  public  control  of  water  powers  has  been 
assumed  by  the  states,  because  to  take  up  each  state  separately 
would  unduly  extend  this  part  of  the  subject;  but  I  shall 
give  some  illustrations  of  the  exercise  of  state  control. 

The  constitution  of  the  state  of  Colorado,  adopted  in  1876,  Colorado, 
states:  ''The  water  of  every  natural  stream,  not  heretofore 
appropriated,  within  the  state  of  Colorado,  is  hereby  declared 
to  be  the  property  of  the  public,  and  the  same  is  dedicated  to 
the  use  of  the  people  of  the  state,  subject  to  appropriation  as 
hereinafter  provided."  ^ 

The  constitution  of  the  state  of  California,  adopted  in  Public ' 
1879,  declares:   ''The  use  of  all  water  now  appropriated,  or  ^^^0°^^^^^ 
that  may  hereafter  be  appropriated,  for  sale,  rental,  or  dis- 
tribution, is  hereby  declared  to  be  a  public  use,  and  subject 

^Article  16,  Section  5. 
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to  the  regulation  and  control  of  the  state,  in  the  manner  to 
be  prescribed  by  law.  .  .  ."  ^  Further,  the  civil  code  of 
California  declares  that  "the  state  is  the  owner  of  all  land 
below  tidewater,  and  below  ordinary  high-water  mark, 
bordering  upon  tidewater  within  the  state;  of  all  land  below 
the  water  of  a  navigable  lake  or  stream;  of  all  property 
lawfully  appropriated  by  it  to  its  own  use;  of  all  property 
dedicated  to  the  state;  and  of  all  property  of  which  there  is 
no  other  owner.'*  ^ 

The  constitution  of  North  Dakota,  adopted  m  1889, 
states  that:  "All  flowing  streams  and  natural  water  courses 
shall  forever  remain  the  property  of  the  state  for  mining, 
irrigating,  and  manufacturing  purpoees.*" 

The  constitution  of  the  state  of  Washington,  adopted  in 
1889,  declares:  "The  use  of  the  waters  of  the  state  for  irri- 
gation, mining,  and  manufacturing  purposes  shall  be  deemed 
a  public  use.** 

In  Wyoming,  the  constitution  adopted  in  1889  contains  the 
following  clause:  "The  water  of  all  natural  streams,  springs, 
lakes,  or  other  collections  of  still  water  within  the  boundaries 
of  the  state  are  hereby  declared  to  be  the  property  of  the 
state." ^  Also  the  constitution  declares  that,  "water  being 
essential  to  industrial  prosperity,  of  limited  amount,  and 
easy  of  diversion  from  its  natural  channels,  its  control  must 
be  in  the  state,  which,  in  providing  for  its  use,  shall  equally 
guard  all  the  various  interests  involved."'  These  constitu- 
tional provisions  are  put  into  effect  by  a  law  in  conformity 
to  them  passed  in  1909.^ 

In  Idaho,  the  law  declares:  "Water  being  essential  to  the 
industrial  prosperity  of  the  state,  and  all  agricultural  develop- 
ment throughout  the  greater  portion  of  the  state  depending 
upon  its  just  apportionment  to,  and  economical  use  by,  those 
making  a  beneficial  application  of  the  same,  its  control  shall 
be  in  the  state,  which,  in  providing  for  its  use,  shall  equally 

'  Article  XIV,  Section  1. 

'  Civil  Code  of  the  State  of  California,  Section  670. 
'Article  XVII,  Section  210.         'Article  VIII.  Section  1. 
*  Article  XXI,  Section  1.  •  Article  I,  Section  31. 

^  Chapter  68  of  the  Seasion  Laws  of  Wyoming,  1909. 
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guard  all  the  various  interests  involved.  All  the  waters  of 
the  state,  when  flowing  in  their  natural  channels,  including 
the  waters  of  all  natural  springs  and  lakes  within  the  bound- 
aries of  the  state,  are  declared  to  be  the  property  of  the  state, 
whose  duty  it  shall  be  to  supervise  their  appropriation  and 
allotment  to  those  diverting  the  same  therefrom  for  any 
beneficial  purpose.  .  .  ."  ^ 

The  state  of  Oregon  in  1909  passed  a  general  law  controlling  Oregon, 
the  water  of  the  state.  This  act,  among  other  provisions, 
contains  the  following:  "All  water  within  the  state  from  all 
sources  of  water  supply  belong  to  the  public.  That  every 
person,  firm,  or  corporation,  except  municipal  corporations 
(hereinafter  called  the  appropriator),  who  shall  appropriate 
water  after  the  passage  of  this  act,  for  the  purpose  of  apply- 
ing the  same  to  the  development  of  power,  shall  during  the 
life  of  such  appropriation  as  fixed  herein  pay  to  the  state  of 
Oregon  not  less  than  25  cents  or  more  than  $2  per  annum  in 
advance,  on  or  before  the  second  day  of  January  of  each 
year,  for  each  and  every  horse  power  represented  by  the 
said  appropriation.  .  .  .  The  appropriator  thereof  shall  own 
and  enjoy  all  of  the  uses  thereof  so  long  as  he  pays  the  annual 
fees  therefor,  herein  required,  for  a  term  not  exceeding 
forty  years  from  the  date  of  appropriation,  and  shall  have 
a  preference  right  to  reappropriate  such  water  under 
such  conditions  as  may  be  prescribed  by  law  at  the 
expiration  of  such  term  of  years  provided  all  fees  have  been 
paid.  .  .  ."^ 

In  1907,  only  two  years  ago,  the  principle  of  making  a  New  York, 
charge  for  the  granting  of  a  franchise  for  water  power  was 
introduced  in  New  York.  The  Long  Sault  Development 
Company  asked  for  a  franchise  for  the  development  of  water 
power  on  the  St.  Lawrence  River.  The  bill  granting  the 
franchise  was  only  approved  by  Governor  Hughes  upon  im- 
posing a  charge.  The  amount  of  such  charge  is  $15,000  for 
the  year  1910,  $20,000  for  the  year  1911,  and  after  that  tune 
so  much  per  horse  power,  with,  however,  a  fixed  minimum 

^  Section  3240,  Revised  Codes  of  Idaho,  1909. 

2  Chapter  221  of  the  General  Laws  of  Oregon,  1909. 
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of  $25,000  per  annum.    The  rates  which  are  to  be  charged 
are  75  cents  to  25,000  horse  power,  50  cents  from  25,000  to 
100,000  horse  power,  and  25  cents  in  excess  of  100,000  horse 
power. 
Defects  of         While  the   Long  Sault  law  is  a  great  advance  over  the 
New  York     ^^^^  practice  of  granting  franchises  without  compensation, 
it  is  far  from  meeting  the  conditions  reconmiended  by  the 
North  American  Conservation  Conference.    The  charge  per 
horse  power  for  the  amount  first  developed  is  higher  than 
for  additional  amounts.     There  probably  should  be  an  in- 
r^*^'  creased  charge  instead  of  a  decrease  with  increasing  amount  of 

power,  since  in  large  installations  power  can  be  produced  more 
cheaply  than  in  smaller  installations.  In  the  second  place 
the  franchise  is  unlimited  as  to  time  and  the  act  specified 
gives  the  corporation  perpetual  existence;  whereas  a  fran- 
chise should  not  be  given  for  a  longer  period  than  forty  years. 
How  serious  is  this  perpetual  franchise  will  be  understood 
when  it  is  appreciated  that  in  the  future  the  value  of  this 
power  may  be  several  or  many  times  the  amount  paid, 
indeed,  probably  will  be;  and  yet  the  company  has  the 
use  forever  of  the  great  power  at  the  Long  Sault  at  the 
extremely  low  rates  above  given. 

The  general  problem  of  the  control  of  water  supply  has 
also  been  taken  up  in  New  York.  In  1905  the  State  Water 
Supply  Commission  was  established.  In  1907  this  commis- 
sion was  directed  "  to  devise  plans  for  the  progressive  develop- 
ment of  the  water  powers  of  the  state  under  state  ownership, 
control,  and  maintenance,  for  the  public  use  and  benefit, 
and  for  the  increase  of  the  public  revenue." 

In  consequence  of  this  authority  the  conmiission  has  for- 
mulated a  comprehensive  plan  for  the  improvement  of  the 
water  powers  of  the  state,  and  especially  those  on  the  Hud- 
son, Genesee,  and  Raquette  rivers. 

On  the  Hudson  it  is  proposed  to  construct  reservoirs 
having  a  capacity  of  64,000,000,000  cubic  feet;  on  the 
Genesee  one  of  18,000,000,000  cubic  feet;  and  on  the  Ra- 
quette a  series  of  reservoirs  with  a  total  capacity  of 
20,000,000,000  cubic  feet. 
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At  the  present  time  there  are  developed  in  the  state  of  Profits  of 
New  York  about  620,000  horse  power.  It  is  beheved  by  the  l^^^^"^ 
reservoir  system  proposed,  and  through  other  improvements, 
that  there  may  be  developed  no  less  than  1,500,000  horse 
power  in  that  state,  exclusive  of  the  Niagara  and  St.  Law- 
rence rivers;  or  roughly,  1,000,000  more  horse  power  than 
are  now  developed.  It  is  beheved  by  the  commission  that 
the  minimum  profit  from  such  development  will  be  $12  per 
horse  power  per  annum,  or  a  gain  of  $12,000,000  a  year, 
without  considering  any  of  the  indirect  advantages,  such  as 
the  saving  in  coal,  the  lessening  of  floods,  the  improvements 
in  navigation,  etc.  The  water  to  be  stored  in  the  reservoirs 
is  to  be  sold,  leased,  or  rented ;  and  thus  pay  for  the  cost  of 
maintenance  and  operation,  the  interest  on  bonds,  to  provide 
a  sinking  fund,  to  provide  a  fund  to  make  further  improve- 
ments in  the  waters  of  the  state,  and  finally  to  be  a  source 
of  income  to  the  state  for  general  purposes.  In  order  to 
accomplish  these  results  a  constitutional  amendment  will  be 
required  permitting  the  flooding  of  about  one  sixth  of  the 
state  lands  in  the  Adirondack  forest,  20,000  acres  all  together, 
and  to  permit  bond  issue  to  furnish  funds  to  construct  the 
storage  reservoirs. 

It  thus  appears  that  the  state  of  New  York  has  made 
one  very  important  advance  in  the  matter  of  water  powers 
in  the  past  few  years  and  may  make  another  in  the  near 
future. 

While  the  New  York  act  in  reference  to  the  Long  Sault 
Development  Company  is  very  defective,  the  law  is  of  great 
importance,  in  that  an  old  state  has  introduced  the  principle 
that  in  the  granting  of  a  franchise  for  the  construction  of  a 
dam  to  develop  water  power,  a  charge  is  made.  Further, 
under  the  plans  of  the  State  Water  Supply  Commission,  the 
state  is  to  gain  the  advantage  of  the  franchise  charges  by  the 
existing  water  power  users,  as  a  result  of  the  furnishing  of 
additional  water  to  them  by  the  storage  reservoir  system. 

The  example  and  experience  of  New  York  in  handling 
the  water  power  problem  should  be  of  great  advantage  to 
other  states  now  considering  the  subject.    The  situation  in 
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New  York  is  analogous  to  that  in  a  number  of  states,  and 
doubtless  the  principles  worked  out  by  that  state  may  be 
used  by  them  to  advantage. 

Wisconsin  may  be  considered  briefly  as  illustrative  of  a 
great  group  of  states  in  which  the  question  of  the  public 
control  of  water  power  has  been  raised,  but  has  not  yet  been 
settled.  In  that  state  the  principle  of  complete  public 
ownership  for  all  waters,  with  the  exception  of  rivers,  has 
been  held  by  the  state  Supreme  Court.  The  legislature  by 
enactment  has  enumerated  a  considerable  number  of  navi- 
gable streams,  and  the  Supreme  Court  has  held  that  all 
streams  are  navigable  which  will  float  to  market  the  products 
of  the  soil  for  some  portion  of  the  year,  and  "some  portion" 
of  the  year  has  been  held  to  be  a  period  approximately  of 
six  weeks.  Hence  under  the  law  and  under  the  action  of  the 
Supreme  Court  navigable  waters  in  Wisconsin  are  precisely 
defined.  A  stream  upon  which  logs  can  be  run  at  high  water 
is  navigable. 

The  Wisconsin  Supreme  Court  has  also  held  that  since 
the  rivers  are  nontidal,  the  beds  are  vested  in  the  riparian 
proprietors.  But,  notwithstanding  the  fact  that  the  soil 
beneath  the  river,  by  judicial  decision,  not  by  legislative 
enactment,  has  been  declared  to  be  the  property  of  the 
riparian  owner,  the  court  has  also  held  that  "such  owner- 
ship is  of  such  a  qualified  character  as  not  in  any  way  to 
interfere  with  the  character  of  the  stream  as  pubUc  waters; 
not  public  in  the  sense  of  such  rivers  as  at  common  law  were 
merely  subject  to  the  right  of  passage,  but  public  by  the 
common  law  test  of  navigability."  Also,  the  Supreme  Court 
has  held  "the  right  of  the  riparian  owner  .  .  .  does  not  .  .  . 
depend  upon  his  ownership  of  the  soil  under  the  water,  but 
upon  his  riparian  ownership,  and  the  right  of  the  state  to 
control  the  waters  of  such  stream  in  the  public  interest  is 
the  same  whether  the  ownership  under  the  water  be  in  the 
state  or  in  the  riparian  owner." 

To  and  including  the  year  1907,  the  legislature  of  Wiscon- 
sin has,  from  time  to  time,  granted  franchises  for  the  construc- 
tion of  dams  for  the  improvement  of  navigation  and  for  the 
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development  of  water  powers  without  charge.  Such  fran- 
chises, with  the  exception  of  a  few  of  the  earlier  ones,  contain 
the  provision  that  they  are  subject  to  amendment  or  repeal. 
Also,  the  state  constitution  provides  in  reference  to  corpora- 
tions without  banking  powers  or  privileges  that  "all  general 
laws  or  special  acts  enacted  under  the  provisions  of  this 
section  may  be  altered  or  repealed  by  the  legislature  at  any 
time  after  their  passage." 

Finally,  the  power  of  eminent  domain  has  been  given  with  Franchises 
many   such  franchises,  it    being  necessary  in    order    that  J.^\tof 
they  may  be  useful  to  give  the  power  to  flow  other  land,  eminent 
''The  mill  dam  act  of  1840  was  upheld  on  the  ground  that  <io°^ain. 
the  land  flowed  by  virtue  of  it  was  devoted  to  the  public 
use."     This   power   of   eminent    domain   is  related   to  the 
selection  of  sites  to  which  franchises  are  given,  mentioned 
on   p.  138.     If  in  the   case  of   two  adjacent  water  power 
sites,  the  development  of  the  lower  of  which  will  destroy  the 
upper,  the  flowage  rights  take  away  the  value  of  the  upper 
water  power.     This  is  justifiable  if  the  power  developed  by 
the  water  belongs  to  the  state;  but  clearly  it  is  not  justifiable 
to  merely  pay  for  the  land  flowed,  if,  as  has  been  claimed  by 
some,  the  power  which  may  be  developed  at  a  given  site 
belongs  to  the  riparian.     The  fact  that  the  state  has  granted 
the  right  of  eminent  domain  to  individuals  and  corporations 
would  seem  to  make  it  reasonable  to  impose  special  condi- 
tions, including  charges,  for  special  concessions. 

The  State  Conservation  Commission  has  recommended  Recommen- 
that  hereafter  the  franchises  for  water  power  be  granted  conserva- 
under  a  general  statute,  that  the  issuing  of  such  franchises  tion  Com- 
be placed  with  a  commission,  that  such  franchises  be  in  the 
nature  of  leases  for  a  long  term  of  years,  at  low  rentals,  re- 
newable on  equitable  terms.     The  question  of  what  the  state 
should  do  in  reference  to  those  water  powers  where  fran- 
chises have  already  been  granted  is  not  touched  by  the 
commission. 

The  recommendations  of  the  commission  have  been  strongly 
opposed  by  riparian  owners.  They  hold  that  the  riparian 
owner  has  the  right  to  the  use  of  the  water  of  streams  flow- 
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ing  by  or  over  their  land,  for  developing  power  without  com- 
pensation to  the  state.  The  entire  question  of  the  control 
of  water  powers  is  now  before  a  recess  committee  of  the 
legislature  for  consideration  and  recommendation. 

Since  I  do  not  profess  law,  I  shall  not  venture  to  present 
a  brief  for  either  side  of  the  case.  The  main  principles  have 
been  summarized,  so  far  as  they  have  been  clearly  deter- 
mined. What  the  legislature  and  the  courts  of  Wisconsin 
may  finally  decide  as  to  the  relative  rights  of  the  state  and 
the  riparian  in  the  water  f>owers,  the  future  can  only  deter- 
mine; but  certainly  it  is  the  case,  if  the  principles  of  conser- 
vation herein  advocated  are  well  founded,  that  the  state 
should  hold  for  the  people  all  rights  in  water  powers  which 
it  still  holds  in  law  and  in  fact. 

In  Wisconsin  there  is  one  other  development  with  refer- 
ence to  water  powers  which  needs  to  be  mentioned,  since  it 
illustrates  an  important  principle.  In  1907  the  legislature 
passed  an  act  giving  to  the  Wisconsin  Valley  Improvement 
Company  the  right  of  acquiring  reservoir  sites  and  develop- 
ing them  on  the  Wisconsin  River  and  its  tributaries,  for  the 
purpose  of  maintaining  a  uniform  flow.  In  order  that  this 
authority  should  be  effective  the  company  was  granted  the 
right  of  eminent  domain.  The  company  was  required  to 
develop  reservoirs  to  store  a  minimum  of  2,000,000,000 
cubic  feet  of  the  surplus  water.  The  company  b  allowed  to 
pay  6  per  cent  interest  on  the  capital  invested,  which  is 
limited  to  actual  expenditures.  This  interest  on  the  expenses 
for  maintenance  and  operation  is  assessed  as  toll  upon  the 
users  of  the  water  for  the  development  of  power.  The  plans 
for  the  reservoirs  must  be  submitted  to  and  approved  by 
the  State  Board  of  Forestry.  To  this  board  is  given  the 
power  to  determine  to  what  heights  the  water  may  be  raised 
in  the  reservoirs,  the  level  to  which  it  may  be  lowered,  and 
the  manner  in  which  it  may  be  drawn  off.  To  this  end  they 
may  employ  at  the  expense  of  the  company  a  hydraulic 
engineer.  The  company  is  to  maintain  fishway^  and  free 
passage  for  logs,  and  is  to  conform  to  all  other  general  regu- 
lations of  the  state  concerning  dams.    The  right  is  reserved 
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to  the  state  to  repeal  or  amend  the  act  at  any  time.  Finally, 
the  state  may  take  over  the  company's  plant  at  any  time  for 
the  actual  value  of  the  paid-up  capital,  no  allowance  being 
made  for  franchise  or  good- will. 

It  would  probably  have  been  far  better  for  the  state  to 
construct  this  reservoir  system  and  to  impose  a  charge  on 
the  water  power  users  benefited  as  is  proposed  in  the  state 
of  New  York.  This  was  not  possible  in  the  state  of  Wis- 
consin, for  the  constitution  has  a  provision  that  no  internal 
improvements  shall  be  undertaken  by  the  state.  To  pro- 
tect the  future  interests  of  the  state  the  clause  was  inserted 
in  the  bill  giving  to  the  state  authority,  at  any  time  that 
this  is  constitutional,  to  purchase  the  reservoir  system. 

As  already  indicated  in  another  place  (see  p.  132),  it  is  Illinois 
proposed  that  the  state  of  Illinois  construct  a  channel  from  ^ater^ 
the  end  of  the  Chicago  drainage  canal  to  the  Mississippi  power. 
River,  following  the  Illinois  River,  incidental  to  which  there 
will  be  developed  about  140,000  horse  power;  of  this  cer- 
tainly 100,000  belongs  to  the  state.     In  order  to  do  this  a 
constitutional  amendment  was  passed;  but  the  legislature 
has  not  yet  taken  action  putting  the  same  in  force.     Since 
the  state  is  to  create  the  water  power,  the  right  to  charge 
for  the  same  is  beyond  question. 

In  conclusion,  it  should  be  said,  in  applying  the  principle 
of  leases  for  water  powers,  that  the  terms  should  be  so  fair 
that  capitalists  will  be  encouraged  to  put  money  into  their 
development ;  for,  as  has  been  fully  explained,  the  principles 
of  conservation  require  the  rapid  development  of  the  water 
powers,  not  only  for  the  increased  economy  resulting  from 
the  use  of  otherwise  wasted  energy,  but,  more  important 
than  this,  to  save  coal. 

The  subject  of  water  powers  well  illustrates  how  rapid  has 
been  the  advancement  of  public  sentiment  and  law  in  the  past 
few  years  in  the  direction  of  public  control  of  a  natural  re- 
source limited  in  quantity.  It,  perhaps  better  than  any  other, 
verifies  the  statement  made  in  my  opening  lecture  that  in  call- 
ing the  White  House  Conference  the  President  of  the  United 
States  made  the  voice  of  conservation  the  voice  of  the  nation. 
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NAVIGATION » 

The  waterways  of  the  United  States  for  domestic  com- 
merce include  the  coast  waters  and  bays,  the  Great  Lakes, 
the  rivers,  and  canals. 

In  1906  the  freight  moved  by  water  in  American  vessels, 
excluding  harbor  and  raft  traffic,  amounted  to  177,519,758 
tons.  A  small  part  of  this  was  foreign  commerce.  Of  this 
42.6  per  cent  was  on  the  Great  Lakes.  If  the  harbor  traffic 
were  included,  the  amount  would  be  265,000,()00  tons. 

THE  COAST  AND  BAYS 

The  coast  line  of  the  United  States  aggregates  5700  miles 
in  a  straight  line  along  the  border  of  the  country.  The 
meandered  length  of  the  coast  line  is  over  64,000  miles. 
The  ocean  is  extensively  used  for  coastwise  trade  and 
through  the  deep  indentations  of  Long  Island  Sound,  Dela- 
ware Bay,  Chesapeake  Bay,  and  Puget  Sound,  water  trans- 
portation at  various  places  goes  well  inland.  The  traffic  of 
the  Atlantic  and  Gulf  coast,  excluding  harbor  traffic,  was 
65,361,000  tons.  In  addition  to  this  there  was  a  large 
traffic  on  the  Pacific.  Some  of  the  more  important  articles 
carried  were  coal,  lumber,  and  petroleum. 

THE  GREAT   LAKES 

Tlie  Great  Lakes  are  the  most  important  group  of  inland 
waterways  in  the  world.  The  United  States  shore  line  is 
2760  miles,  with  a  meandered  length  of  4329  miles.  The 
lakes,  above  Lake  Ontario,  are  connected  by  channels  and 
canals  twenty  feet  in  depth. 

The  chief  bulk  commodities  carried  on  the  Great  Lakes 
are  iron  ore,  grain,  coal,  and  lumber.  In  1907  the  total 
traffic  amounted  to  more  than  80,000,000  tons,  of  which 

1  The  facts  included  under  navigation  are  largely  taken  from  "Transpor- 
tation by  Water,"  Herbert  Knox  Smith,  Report  National  Conservation 
Commission,  Vol.  II,  pp.  13-66;  and  Preliminary  Report  of  the  Inland 
Waterways  Commission,  Washington,  1908. 
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45,500,000  tons  were  iron  ore.  This  iron  ore  is  east-bound 
traffic.  The  most  important  item  of  the  west-bound  traffic 
is  coal,  which  in  that  year  amounted  to  over  21,000,000  tons. 
More  than  half  of  the  vast  traffic  of  the  entire  lakes  passes 
through  the  locks  of  St.  Mary's  River,  which  from  the  open- 
ing of  the  season  to  the  close  of  navigation  are  active  day 
and  night. 

In  1907  the  freight  that  went  through  this  canal  amounted 
to  51,751,080  tons,  about  80  per  cent  of  which  was  east 
bound,  and  about  20  per  cent  west  bound.* 

"The  east-bound  business  was  mainly:  iron  ore,  35,357,042 
tons;  wheat,  84,271,358  bushels;  other  grain,  54,341,155 
bushels;  flour,  6,495,350  barrels;  copper,  107,633  tons. 
West  bound:  bituminous  coal,  7,728,255  tons;  anthracite 
coal,  1,011,275  tons;  general  merchandise,  not  comparatively 
heavy,  but  of  relatively  large  value." 

It  is  seen  that  the  larger  proportion  of  the  traffic  of  the 
Great  Lakes  is  raw  material  carried  in  great  bulk,  in  which 
time  is  not  an  important  factor  in  transportation,  and  which 
therefore  is  handled  at  such  low  rates  by  water  as  to  exclude 
railway  competition. 

RIVERS 

There  are  295  rivers  which  are  used  for  commercial  pur- 
poses in  the  United  States,  with  an  approximate  total 
length  of  26,400  miles  of  navigable  water.  Most  of  these 
streams  are  adapted  only  to  light  draft  boats.  But  one 
tenth  of  this  mileage  has  a  ten-foot  channel.  Another  one 
tenth  gives  a  navigable  depth  of  from  six  to  ten  feet  dur- 
ing a  part  of  the  year.  Thus  the  great  majority  of  the 
streams  do  not  furnish  a  navigable  channel  of  more  than  six 
feet.  The  longest  system,  the  Mississippi,  has  about  2500 
miles  of  navigable  waters  having  a  depth  of  six  feet  or 
more.  The  traffic  of  this  entire  system  in  1906  was  only 
about  19,000,000  tons. 

1  "Transportation  on  the  Great  Lakes,"  by  Walter  Thayer,  An.  Am.  Ac. 
of  Pol.  and  Soc.  Sci.,  January,  1908,  Vol.  XXXI,  pp.  127-146. 
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CANALS 

According  to  Herbert  Knox  Smith,  4500  miles  of  canala 
have  been  constructed  in  the  United  States,  of  which  2444 
miles,  costing  $80,000,000  have  been  abandoned.  There 
are  sixteen  private  canals  in  operation  in  the  United  States 
of  more  than  local  importance,  with  an  aggregate  length  of 
632  miles.  State  canals  are  maintained  in  New  York, 
Ohio,  Illinois,  Louisiana,  with  a  total  mileage  of  1360,  con- 
structed at  an  estimated  cost  of  $156,983,538.  The  great 
majority  of  these  are  towpath  canals  i^ith  a  depth  rarely 
exceeding  seven  feet  and  commonly  are  not  available  for 
boats  having  a  greater  draft  than  six  feet.  Traffic  by  tow- 
path  canal  is  necessarily  very  slow.  Canal  traffic  has  de- 
creased from  16,000,000  tons,  in  1880,  to  6,600,000  tons,  in 
1906. 

COMPARISON    OF  RAILWAY  AND  WATER  TRANSPORTATION 

In  the  United  States,  June  30,  1908,  were  237,389  miles 
of  railway  track,  which  during  the  year  ending  that  day 
carried  approximately  1,532,981,790  tons  of  freight,  a  de- 
crease of  185,460,810  tons  as  compared  with  the  previous 
year;  the  ton  mileage  for  the  year  was  218,381,554,802. 
The  number  of  passengers  carried  was  890,009,574  and 
the  passenger  mileage  29,082,836,944.  At  that  time  the 
par  value  of  the  railway  capital  of  the  United  States  was 
estimated  by  the  Interstate  Commerce  Commission  at 
$16,767,544,827.  In  1904  the  value  of  the  railroads  was 
estimated  at  10.5  per  cent  of  the  entire  wealth  of  the  nation. 
Of  our  entire  production  for  the  year  ending  June  30,  1907, 
amounting  to  about  $10,000,000,000,  about  one  fourth  of  the 
value,  $2,589,000,000,  was  given  by  railway  transportation. 
Since  in  the  figures  given  with  reference  to  water  transpor- 
tation (p.  162)  the  ocean  traffic  to  foreign  points  in  Ameri- 
can vessels  is  included,  it  appears  that  not  more  than  one 
tenth  of  the  commerce  within  the  United  States  is  carried  by 
water;  and  this  is  so,  notwithstanding  the  fact  that  we  have 
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a  better  distributed  and  more  extensive  system  of  inland 
waterways  than  any  other  nation  of  the  world. 

The  question  naturally  arises,  why  is  it  that  there  has  been 
in  this  country  so  small  a  development  of  water  transporta- 
tion? According  to  McGeethe  cost  of  transportation  by  water 
does  not  exceed  from  one  fourth  to  one  third  that  by  railway. 

Mr.  James  J.  Hill  says  railroad  transportation  cannot  be  Comparison 
performed  at  much  less  than  one  half  a  cent  a  ton  per  mile.   ^^^^^T"^ 
The  season  of  1909,  rates  on  the  Great  Lakes  for  iron  ore  freight 
were  less  than  one  mill  per  gross  ton  per  mile,  whereas  the  ^^^^' 
rates  for  ore  by  rail  were  about  one  cent  a  ton  per  mile,  or 
ten  times  as  much.     Ore  is  only  a  single  commodity,  but  it 
is  the  largest  one  in  inland  water  transportation,  and  there- 
fore illustrates  the  situation  for  heavier  commodities. 

The  railroads  in  recent  years  have  been  congested,  have 
actually  been  unable  to  handle  the  traffic  of  the  country 
during  the  busy  season  of  each  year.  The  failure  of  the 
railway  system  to  meet  the  needs  of  commerce  first  markedly 
appeared  in  1906.  Since  that  time,  whenever  the  business  is 
at  the  maximum,  the  railroads  are  far  behind  in  handling  the 
freight.  This  was  well  illustrated  in  the  winter  of  1909-10, 
when,  according  to  Mr.  Hill,  Chicago  was  practically  block- 
aded and  shipments  were  generally  from  ten  to  sixty  days 
behind  time. 

Mr.  Hill,  who  probably  in  this  country  is  second  to  no 
man  as  an  authority  upon  this  subject,  estimates  that  to  de- 
velop the  railroads  so  that  they  will  be  able  to  handle  the 
traffic  in  the  near  future  will  require  the  additional  expendi- 
ture of  some  $6,000,000,000.  He  holds  that  the  economi- 
cal way  to  remove  the  congestion  and  to  provide  adequate 
transportation  facilities  is  to  develop  the  waterways. 

IMPROVEMENTS  OF   RIVERS 

The  rivers  may  be  very  greatly  improved  in  two  ways: 
the  channels  which  are  at  present  navigated  may  be  deepened 
so  as  to  permit  vessels  of  larger  draft,  and  the  distance  which 
is  navigable  may  be  extended,  —  perhaps  be  doubled. 
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The  deepening  of  the  navigable  channels  is  of  the  utmost 
importance  with  reference  to  cheapness  of  water  transpor- 
tation, and  therefore  with  reference  to  its  development. 
In  the  ocean-going  traffic  there  has  been  in  recent  years  a 
very  rapid  increase  in  the  size  of  the  vessels.  It  is  not  so 
many  years  ago  that  a  freight  vessel  capable  of  carrying 
1500  or  2000  tons  was  considered  a  large  boat.  At  the 
present  time  there  are  boats  engaged  in  freight  and  passenger 
business  which  carry  30,000  tons  or  more. 
Increase  in  About  twenty-five  years  ago  the  largest  of  the  Great 
^^^^  Lakes  boats  had  a  carrying  capacity  of  only  about  3000 

tons  of  2240  pounds.  At  the  present  time,  according  to 
W.  J.  Olcott,  president  of  the  Oliver  Iron  Mining  Company, 
there  are  seventy  boats  on  the  Great  Lakes  having  a  capacity 
of  10,000  gross  tons,  and  several  ships  have  carried  from 
Lake  Superior  to  lower  ports  somewhat  more  than  12,000 
gross  tons.  In  proportion  as  a  boat  becomes  large  the  invest- 
ment in  the  vessel,  the  engine,  and  labor,  per  ton  capacity, 
is  lessened;  and  therefore  there  are  great  economies  with 
increase  in  the  size  of  the  unit  of  water  trans]X)rtation. 

"A  modem  ocean  carrier  of  5000  tons  displacement  re- 
quires 1000  indicated  horse  power  to  drive  her  at  a  speed  of 
10  knots,  and  a  carrier  of  the  same  t3rpe  synmietrically  en- 
larged to  10,000  tons  displacement  requires  only  1587  horse 
power  to  drive  her  at  the  same  speed;  that  is,  the  cargo- 
carrying  capacity  is  doubled  at  the  same  speed  with  an  in- 
crease of  little  more  than  50  per  cent  for  fuel.  The  increased 
expense  for  labor  is  less  than  1  per  cent,  and  the  superiority 
of  the  large  carrier  in  adverse  weather  is  very  marked."  * 

But  if  the  economy  resulting  from  large  vessels  is  to  be 
gained  in  the  case  of  the  rivers,  it  can  only  be  accomplished 
by  deepening  the  channels.  We  have  already  seen  that  for 
the  greater  number  of  streams  the  depth  is  not  more  than 
sufficient  to  carry  vessels  of  six  feet  draft ;  whereas  ocean- 
going vessels  have  a  draft  of  thirty  feet  or  more,  and  those 
upon  the  Great  Lakes  go  to  twenty. 

*  Preliminary  Report  of  the  United  States  Nataonal  Waterways  Com- 
mission,  Washiiigton,  D.  C,  1910. 
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It  is  estimated  by  the  Inland  Waterways  Commission  Relative 

that  to  develop  adequately  the  inland  waterways  of  this  J^^^^q^j^ 

country   will   cost   somewhere   between   $500,000,000  and  waterways 

$800,000,000.    This  amount  seems  large  —  very  large —  but  ^^^     . 

.     .  1.1     railroads. 

it  is  to  be  noted  that  it  is  only  one  tenth  the  amount  which 
Mr.  Hill  estimated  will  be  required  to  develop  the  railroads 
so  as  to  handle  the  traffic  of  the  country.  Also,  it  should 
be  remembered  in  this  connection  that  transportation  by 
water  costs  only  one  third  to  one  fourth  as  much  as  by 
rail.  While  in  any  case  large  additional  extensions  of  rail- 
ways will  be  required,  it  is  safe  to  say  that,  allowing  for  this, 
the  development  of  waterways  will  result  in  an  enormous 
saving  in  the  capital  invested  for  this  purpose,  and  also  an 
immense  saving  each  year  in  the  amount  paid  for  trans- 
portation. If  the  cost  of  transportation  is  lessened,  the 
price  of  commodities  will  be  lower. 


THE  SITUATION  IN  EUROPE 

The  situation  in  this  country  is  in  somewhat  remarkable  Cost  of 
contrast  with  that  in  Europe.     According  to  Herbert  Knox  "^proving 

.      .  »  ,        .  European 

Smith,  the  entire  federal  appropriations  for  the  improve-  waterways, 
ment  of  rivers  and  canals,  excluding  harbors,  to  1907  was 
$250,000,000;  and  much  of  this  money  has  been  very  un- 
wisely expended.  According  to  Welliver,^  in  recent  years 
there  have  been  developed  in  an  area  of  about  800,000 
square  miles,  in  Austria,  Hungary,  Belgium,  France,  Hol- 
land, Germany,  and  Italy,  a  great  system  of  interior  water- 
ways, which  cost  the  governments  of  those  countries  not 
less  than  $1,000,000,000,  or  $200,000,000  more  than  the 
maximum  estimate  for  the  necessary  improvements  of  the 
waterways  of  the  United  States.  Some  of  the  more  im- 
portant rivers  which  have  been  greatly  improved  are  the 
Danube,  the  Rhine,  and  the  Rhone.  Even  smaller  coun- 
tries, such  as  Holland  and  Belgium,  have  a  series  of  canals 
and  waterways  which  connect  the  important  cities,  center- 

1  "Relations  of  Waterway  and  Railway  TraflSc  in  Europe,"  by  J.  C.  Well- 
iver.  Preliminary  Report  Inland  Waterways  Commission,  pp.  377-435. 
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ing  in  the  case  of  Belgium  at  Antwerp.  The  countries 
above  mentioned  have  become  convinced  that  it  is  economi- 
cal for  them  to  solve  their  problem  of  transportation  by  the 
development  of  waterways  as  well  as  railways,  and  their 
experience  has  shown  that  such  development  has  not  in- 
jured the  railroads.  In  fact,  the  railroads  have  been  han- 
dling practically  all  the  freight  that  they  could  carry.  Simul- 
taneously with  the  development  of  waterways  there  has 
been  also  expansion  of  the  railways.  Also,  because  of  the 
competition  of  the  waterways,  there  has  been  great  reduc- 
tion in  the  freight  charges.  In  Germany  the  amount  of 
river  transportation  increased  from  1875  to  1905  more  than 
fivefold,  the  very  period  during  which  river  transportation 
in  the  United  States  has  steadily  declined.' 

Finally,  in  this  connection,  it  is  to  be  noted  that  the 
countries  in  which  the  government  largely  owns  the  rail- 
ways have  been  those  making  great  investments  of  money 
for  the  improvement  of  the  waterways.  And  we  in  the 
United  States  have  been  content  to  see  our  waterways 
decline  as  instruments  of  transportation  during  the  period 
in  which  great  expansion  has  taken  place  in  Europe. 

WHY  WATER  TRANSPORTATION  HAS  NOT  DEVELOPED 

The  question  should  here  be  considered  as  to  why  it  is  in 
this  country,  during  the  time  of  the  extremely  rapid  develop- 
ment of  our  railroads,  not  only  has  there  not  been  develop- 
ment in  river  transportation,  but  actual  decadence.  Those 
who  have  read  Mark  Twain  will  recall  the  busy  scenes 
on  the  Mississippi  in  the  days  of  Tom  Sawyer.  Many 
freight  and  passenger  boats  plied  up  and  down  that  im- 
pressive stream,  which  was  the  great  artery  of  commerce  of 
the  Mississippi  Valley.  At  the  present  time  the  passenger 
transportation  and  freight  traffic  upon  the  Mississippi  above 
St.  Louis  is  almost  negligible.  The  same  is  true  of  the 
Missouri.     About  the  only  remnant  of  a  large  freight  traffic 

»  "The  Present  Sigm6cance  of  German  Waterways,"  by  Walther  Loets, 
An.  Am.  Ac.  of  Pol.  and  Soc.  Sci.,  Vol.  XXXI,  January,  1908,  p.  252. 
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is  on  the  Ohio  and  Lower  Mississippi.    This  is  mainly  coal 
going  to  points  downstream. 

Channels  Shallow,  Crooked,  and  Shifting 

The  first  of  the  causes  of  decline  of  water  transportation 
is  that  the  improvement  of  the  river  channels  has  not 
been  commensurate  with  the  necessities  of  a  rapidly  in- 
creasing commerce.  The  existing  channels  are  shallow, 
crooked,  and  shifting.  The  boats  are  necessarily  small  and 
their  progress  is  often  slow.  Under  these  circumstances  it 
has  not  been  possible  for  river  traffic  to  compete  in  a  large 
way  with  railroad  traffic  rapidly  advancing  in  power  and 
efficiency. 

Illegitimate  Competition  of  Railroads 

Second,  the  decline  has  been  caused  by  the  active  efforts  Canals 
of  the  railroads  to  reduce  the  water  traffic  and  if  possible  owned  by 
to  destroy  it.  The  efforts  have  been  along  various  lines,  companies. 
Wherever  there  is  competition  between  the  waterways  and  the 
railroads  the  railroads  have  uniformly  made  lower  than  the 
average  rates.  Frequently  such  rates  have  been  so  low  as 
to  have  been  unprofitable,  or  even  resulted  in  a  positive  loss. 
Such  destructive  competition  has  often  continued  until  the 
water  carriers  have  been  driven  out  of  business,  after  which 
the  rates  were  promptly  increased.  The  railroads  have  also 
prevented  the  development  of  water  transportation  by  se- 
curing the  water  front  terminals.  They  have  gained  control 
of  many  of  the  competing  canals  and  vessels.  Some  of  the 
canals  owned  or  controlled  by  the  railroads  of  the  country 
are  the  Delaware  and  the  Raritan,  the  Morris,  the  Lehigh, 
the  Chesapeake  and  Ohio.  Other  canals  have  been  pur- 
chased by  railroads  in  order  that  they  should  be  put  out 
of  business  entirely.  Among  these  are  the  canals  in  Penn- 
sylvania owned  by  the  Pennsylvania  Railroad.  Further,  it 
has  been  shown  that  the  railroads  own  a  considerable  por- 
tion of  the  stock  or  have  complete  control  of  various  packet 
lines  on  the  rivers. 
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Another  method  that  the  railroads  have  pursued  to 
break  down  water  competition  is  to  refuse  to  prorate  with 
them.  If,  for  instance,  there  are  two  railways  which  jointly 
make  a  through  route,  say  from  Chicago  to  New  Orleans, 
they  will  unite  to  give  a  rate  which  may  be  lower  than  that 
which  would  obtain  if  goods  were  shipped  to  the  terminus 
of  the  first  road  and  reshipped  on  the  second.  But  the  first 
road,  which  we  may  suppose  extends  to  St.  Louis,  will  not 
prorate  with  the  boat  lines  from  St.  Louis  to  New  Orleans. 
Says  Herbert  Knox  Smith  in  reference  to  this  matter: 
''The  railroads  of  the  country,  by  refusal  to  prorate,  can, 
and  in  large  measure  do,  prevent  the  rivers  and  canals  from 
becoming  a  part  of  the  whole  transportation  system  of  the 
United  States,  or  else  they  extend  their  control  over  the 
waterway  system  by  prorating  only  with  favored  affiliated 
water  lines."  ' 

Also,  rebates  have  been  given  to  break  down  water  trans- 
portation. Finally,  not  infrequently  the  manufacturers 
have  been  compelled  to  use  railroads  when  they  would  have 
preferred  to  ship  by  water.  A  manufacturer  is  located  on  a 
river.  A  part  of  his  business  is  such  that  he  necessarily 
uses  the  railroads;  he  wishes  also  to  use  the  waterways; 
he  is  informed  by  the  railroads  that  they  can  handle  all 
of  his  business.  If  he  does  not  consent  to  the  suggestion, 
there  is  a  shortage  of  cars,  or  some  other  difficulty,  until 
finally  the  shipper  is  practically  driven  to  ship  exclusively 
by  the  railroads. 

The  above  facts  in  reference  to  illegitimate  competition 
on  the  part  of  the  railways  are  all  taken  from  government 
official  documents,  the  Preliminary  Report  of  the  Inland 
Waterways  Commission  and  the  Report  of  the  National 
Conservation  Commission.  This  point  is  mentioned  in 
order  that  it  may  be  fully  understood  that  the  above  state- 
ments are  not  merely  my  personal  opinions. 

In  some  countries  in  Europe  illegitimate  competition  by 
the  railroads  of  the  kinds  mentioned  above  is  not  permitted. 
In  France  such  methods  were  pursued  until  the  government 

*  Report  National  Conservation  Commission,  Vol.  II,  p.  62. 
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was  obliged  to  interfere  to  protect  the  canals  and  give  them 
a  fair  share  of  the  business.  Indeed,  ''in  many  cases  the 
railways  are  now  forbidden  by  the  state  to  make  as  low  rates 
as  the  canals." 

Also,  in  Europe,  to  insure  effectiveness  of  water  trans- 
portation, there  is  frequently  public  ownership  of  water 
fronts  and  wharves.  To  some  extent  there  is  such  public 
ownership  in  this  country,  but  this  is  exceptional. 

COOPERATION   OF   RAILWAYS  AND  WATERWAYS 

The  ideal  system  of  transportation  is  that  in  which 
waterways  and  railways  perfectly  cooperate.  It  is  com- 
paratively easy  to  require  such  cooperation  where  the 
government  owns  both  systems.  But  in  this  country, 
where  the  ownership  of  the  railways  rests  exclusively  with 
private  corporations,  the  securing  of  cooperation  in  place 
of  illegitimate  competition  will  be  far  more  difficult,  but 

laws  must  be  enacted  which  will  accomplish  this. 

t 

CONTRAST  BETWEEN   GREAT   LAKES   AND   RIVERS 

The  situation   upon  our   streams  with   little  passenger  Develop- 
transportation  and,  with  few  exceptions,  unimportant  freight  Qjeat^Lakea 
transportation,  is  to  be  contrasted  with  the  situation  on  the  traffic. 
Great  Lakes,  where  there  is  adequate  depth  of  water  and 
where  illegitimate  methods  of  railway  competition  have  not 
been  possible.     There  navigation  has  developed  at  an  as- 
tonishing speed.     Great  freight  boats  in  large  numbers  are 
plying  in  and  out  of  the  ports  of  Duluth,  Superior,  Chicago, 
Milwaukee,  Detroit,  Toledo,  Cleveland,  and  Buffalo;  and 
even   the  small  towns,  Conneaut   and  Ashtabula,  have  a 
vast  tonnage  of  iron  ore.     Also,  a  fine  passenger  service  by 
several  lines  is  maintained.    On  the  Great  Lakes  there  is 
real  competition  both  as  to  freight  and  passenger  service ; 
and,  consequently,  the  rates  are  very  reasonable. 

The  situation  on  the  Great  Lakes  illustrates  that  which 
should  obtain  upon  our  rivers  and  canals ;  they  should  be 
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How  rivers  great  arteries  of  commerce.  At  the  present  time  there  is 
may  become  bej^g  Carried  on  a  great  campaign  to  improve  the  inland 
coiSS-ce.  waterways.  A  National  Rivers  and  Harbors  Congress  has 
held  six  annual  conventions  to  promote  this  movement. 
An  appropriation  of  $50,000,000  a  year  for  ten  years  is 
asked  in  order  that  the  improvements  proposed  by  the  In- 
land Waterways  Commission  may  be  carried  out;  this 
would  involve  an  expenditure  of  $500,000,000.  It  is  pro- 
posed to  meet  this  expenditure  by  issuing  bonds.  If  this 
development  is  undertaken,  it  will  be  necessary  that  the 
railways  and  waterways  cooperate,  as  they  do  in  Europe. 
And  since  the  principle  has  been  adopted  in  this  country, 
within  the  past  half-dozen  years,  that  it  is  the  function  of 
the  nation  and  the  state  to  regulate  railroads,  to  inquire 
into  their  rates,  to  see  that  traffic  is  not  transported  at  one 
time  lower  than  its  cost  and  at  another  time  at  an  excessive 
rate,  to  prevent  the  giving  of  rates  to  one  shipper  different 
from  another,  and  to  make  other  reasonable  regulations; 
it  will  now  be  possible,  although  difficult,  to  prevent  un- 
fair competition  of  the  railroads.  Therefore,  if  the  water- 
ways are  improved  so  as  to  make  possible  economical  trans- 
portation, there  is  no  reason  why  there  should  not  be  seen 
on  the  nvers  and  canals  a  large  traffic  similar  to  that  of  the 
Great  Lakes. 


DIFFICULTIES  IN  IMPROVEMENTS 

Shifting  of  There  are,  of  course,  difficulties  in  carrying  out  the  plans 
^^driit.^  of  the  Inland  Waterways  Commission.  The  question  will  be 
raised  as  to  whether  the  investment  is  warranted.  There 
is  the  difficulty  of  the  great  inequality  in  the  flow  of  the 
streams.  There  are  engineering  difficulties  because  of 
the  shifting  of  the  channels  and  the  carrying  into  them  of 
enormous  quantities  of  silt  by  the  headwater  streams. 
There  are  great  difficulties  in  the  adequate  deepening  of  the 
channels.  In  many  places  it  will  be  necessary  to  build 
dams  and  levees,  and  in  certain  cases  it  will  be  necessary 
to  canalize  the  rivers  or  some  portion  of  them. 
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The  greatest  diflSiculty  of  navigation  is  the  unequal  flow  Unequal 
of  the  streams.  At  one  time  a  stream  is  in  flood,  over-  g^r^^g^ 
flowing  its  banks,  rolling  down  with  great  velocity  toward 
the  sea;  at  another  time  it  is  comparatively  small,  indeed 
often  being  divided  into  several  small  streams  trickling  over 
its  bed.  The  conditions  in  either  case  are  not  favorable  to 
navigation;  in  the  first,  because  of  the  velocity  of  the 
stream,  and  in  the  second,  insufficient  depth  to  carry  a 
vessel.  In  the  projected  improvements,  according  to 
Leighton,  the  first  and  most  important  step  is  to  so  control 
the  streams  as  to  get  a  nearly  uniform  flow. 

The  holding  of  flood  waters,  and  therefore  securing  greater 
regularity,  may  be  accomplished  to  a  considerable  extent 
by  levees  on  each  side  of  the  river  bank  at  some  distance 
from  the  low  water  river  channel,  so  as  to  make  a  basin. 
At  times  of  flood  the  water  rises  above  the  banks,  and  so 
makes  between  the  levees  a  long,  narrow,  temporary  lake 
which  may  require  several  days  to  fill  and  empty.  Such 
intermittent  levee  reservoirs  prevent  damage  from  floods 
and  to  a  reasonable  extent  regularize  the  flow  of  the  stream. 

In  many  cases,  in  addition  to  a  system  of  levees  such  as  Reservoirs 
indicated,  it  will  be  necessary  to  construct  at  the   head-  °^y?P?^  . 

'  "^  Mississippi. 

waters  of  the  great  navigable  streams  adequate  systems  of 
reservoirs.  We  have  seen  that  the  development  of  reser- 
voirs is  of  immense  importance  with  reference  to  water 
power.  Also,  it  is  of  equal  importance  with  reference  to 
navigation.  The  construction  of  reservoirs  as  an  aid  to 
navigation  has  not  been  done  extensively  in  this  country. 
Indeed,  there  is  but  one  case  in  which  large  plans  are  being 
carried  out  for  this  purpose.  Upon  the  Upper  Mississippi,  in 
Minnesota,  five  reservoirs,  capable  of  holding  96,000,000,000 
cubic  feet  of  water,  have  been  constructed,  and  these  reser- 
voirs have  undoubtedly  tended  to  lessen  the  floods  at  St. 
Paul  and  below.  However,  only  about  11  per  cent  of  the 
drainage  areas  above  St.  Paul  is  controlled  by  these  reser- 
voirs, and  naturally  the  results  are  not  fully  satisfactory. 
It  is  believed  that  the  Upper  Mississippi  reservoir  sys- 
tem in  Minnesota  and  Wisconsin  may  have  a  capacity  of 
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175,000,000,000  cubic  feet.  Reservoirs  of  this  capacity 
would  doubtless  very  much  ameliorate  the  situation  along 
the  upper  part  of  the  Mississippi. 

But  the  great  flood  streams  of  the  Mississippi  are  the 
Ohio  and  Missouri.  To  control  these  streams  will  involve 
very  large  expenditures.  I  have  already  pointed  out  that 
in  Wisconsin  and  Minnesota  it  is  comparatively  easy  to 
develop  a  reservoir  system.  To  develop  a  system  on  the 
Ohio  adequate  to  control  the  headwaters  of  the  Mononga- 
hela,  the  Cumberland,  the  Tennessee,  the  Kanawha,  will 
cost,  according  to  Leighton,  something  like  $125,000,000. 

This  amount  will  by  no  means  cover  the  expense  of  the 
reservoir  system  of  the  Mississippi;  for,  with  reference  to 
the  floods  of  the  lower  reaches  of  the  river,  the  Missouri, 
the  Arkansas,  and  the  Red  rivers  are  to  be  considered. 
Reservoir  systems  for  other  streams  than  the  Mississippi 
will  be  far  less  expensive,  but  still  will  be  large. 

But  the  question  arises,  can  the  government  legally  under- 
take the  construction  of  reservoirs  on  the  headwaters  of 
streams?  There  is  no  doubt  as  to  this  in  the  minds  of  some 
lawyers  who  have  carefully  considered  the  matter.  The  gov- 
ernment has  the  power  to  regulate  and  develop  interstate 
commerce;  and  if  for  that  purpose  it  can  be  shown,  as  it  can 
be,  that  it  is  necessary  to  control  the  headwaters  of  the  streams, 
this  can  be  done.  In  fact,  as  already  indicated,  reservoirs 
have  been  constructed  in  Minnesota,  because  it  has  been 
found  that  this  is  one  of  the  cheapest  ways  to  develop  navi- 
gation on  the  Upper  Mississippi;  and  if  this  can  be  done  in 
Minnesota,  it  can  be  done  in  other  parts  of  the  country. 
The  work  by  the  United  States  government  will  doubtless  be 
supplemented  by  the  states;  also,  it  will  be  supplemented  by 
the  companies  that  build  reservoirs  to  develop  water  power. 

The  reservoir  systems  are  only  one  part  of  the  expense  of  the 
improvement  of  the  waterways.  There  will  be  the  cost  of 
constructing  levees  and  revetments,  of  making  wing  dams,  of 
dredging  channels,  of  deepening  the  canals,  and  of  enlarging 
the  locks.  But  upon  the  other  side  it  is  believed  that  the 
development  of  reservoirs  will  make  unnecessary  a  large  part 
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of  the  cost  of  buildinfe  the  levees  higher  and  higher.  The 
expense  of  maintaining  levees  in  the  past  has  been  very  large. 
Frank  M.  Kerr,  chief  engineer  of  Louisiana,  says  that  state 
has  spent  for  that  purpose  from  1865  to  the  first  of  January, 
1910,  $34,500,000;  and  in  addition  to  this  since  1882  the 
United  States  has  spent  something  like  $12,000,000.  He 
estimates  that  the  annual  expenditure  for  levee  work  in  the 
state  of  Louisiana  is  now  about  $800,000. 

In  carrying  on  improvements  of  the  waterways,  it  is  neces-  standard 
saryto  have  standard  units;  that  is,  for  a  given  stream  sys-  'J^^^sof 
tem,  as,  for  instance,  the  Mississippi,  the  channel  for  a  certain  desirable, 
part  may  be  fourteen  feet,  for  another  part  nine  feet,  for  an- 
other part  six  feet.     Upon  other  river  systems  these  same 
units  should  be  used.      The  importance  of  having  standard 
units  for  river  navigation  and  on  the  canals  is  that  boats 
may  be  constructed  of  a  standard  size  and  form  adapted  to 
definite  reaches  of  a  river  system,  and  may  be  transferred 
from  one  part  of  the  system  to  another,  or  to  an  entirely  dif- 
ferent river  system. 


IMPROVEMENTS   PROPOSED    BY   INLAND   WATERWAYS   COM- 
MISSION 

The  inland  waters  may  be  divided  into  the  following  sys- 
tems: first,  the  Great  Lakes;  second,  the  Atlantic  system; 
third,  the  Gulf  system,  in  which  the  Mississippi  River  and  its 
tributaries  occupy  a  dominant  position;  and  fourth,  the 
Pacific  coast  system,  confined  to  the  Colorado,  the  Sacramento, 
the  Columbia,  and  their  tributaries. 

The  more  important  projects  of  the  Inland  Waterways  Deep 
Commission  for  improving  these  systems  are  as  follows :  —  channel 

First,  they  propose  to  connect  the  Atlantic  Ocean  and  the  New  York 
Great  Lakes  by  a  deep  channel.  At  the  present  time  the  a^id  Great 
Hudson  River  is  navigable  100  miles  above  its  mouth  for 
boats  having  approximately  twenty  feet  of  draft.  The  Erie 
Canal  is  at  present  time  adapted  only  to  small  boats,  the 
channel  being  only  seven  feet  deep.  However,  it  is  now 
being  deepened  to  twelve  feet,  at  an  expense  of  more  than 
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$100,000,000  to  the  state  of  New  York.  By  the.  Inland 
Waterways  Commission  it  is  proposed  to  connect  the  Great 
Lakes  with  the  ocean  by  a  deep  channel.  If  this  canal 
were  made  twenty  feet,  this  would  standardize  this  canal 
with  the  other  canals  and  rivers  connecting  the  Great  Lakes. 
It  would  thus  enable  New  York  freight  to  reach  all  the  lake 
ports  by  an  all-water  route,  and  vice  versa.  The  advantage 
of  including  New  York  and  the  Hudson  as  a  part  of  the 
Great  Lakes  system  of  traffic  cannot  be  overestimated. 

The  second  of  the  great  enterprises  which  the  Inland  Water- 
ways Commission  propose  is  an  inner  channel  extending  from 
New  England  to  Florida.  For  much  of  this  distance  there  are, 
outside  of  the  mainland,  barriers  and  islands  with  an  inner 
channel  of  varying  depth.  By  the  utilization  of  these  chan- 
nels and  the  bays,  such  as  the  Chesapeake  and  Delaware,  it 
will  be  possible  to  construct  a  deep  channel  which  would  be 
navigable  for  the  ocean-going  boats  engaged  in  the  coastwise 
trade.  Such  a  channel  would  be  of  vast  importance  to  com- 
merce, because  it  would  be  largely  independent  of  the  storms. 
Also,  in  case  of  a  foreign  war,  if  that  emergency  should  arise, 
it  would  be  a  great  source  of  strength,  because  the  naval  forces 
adapted  to  the  inner  channel  could  concentrate  at  any  point. 
To  some  extent,  for  defense,  it  would  serve  the  same  purpose 
as  the  inner  sea  of  Japan. 

The  third  great  project,  in  geographic  order,  of  the  Inland 
Waterways  Commission,  but  first  in  importance,  is  the  de- 
velopment of  the  gulf  system  of  rivers,  especially  the  Mis- 
sissippi. It  is  proposed  to  connect  the  Gulf  of  Mexico  and  the 
Great  Lakes  by  a  fourteen-foot  channel.  Such  a  channel  at 
the  present  time  would  do  much  to  develop  commerce;  but 
when  the  Panama  Canal  is  finished  it  would  be  of  vastly  greater 
importance,  for  through  it  the  commerce  of  the  Orient  could 
get  by  water  to  the  heart  of  our  country,  including  all  the  lake 
ports  by  an  all-water  route,  and  vice  versa. 

This  project,  so  far  as  it  is  in  Illinois,  has  already  begun  to 
take  definite  shape.  In  accordance  with  the  recommendations 
of  Governor  Charles  S.  Deneen,  the  legislature  submitted  to 
the  people  a  constitutional  amendment  to  allow  the  state  to 
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be  b.onded  for  $20,000,000,  in  order  to  construct  a  deep  water- 
way from  Chicago  along  the  Des  Plaines  and  Illinois  rivers  to 
the  Mississippi  near  St.  Louis.  This  proposal  was  approved 
by  the  voters  November  3,  1909;  but,  while  the  senate  of  the 
state  legislature  of  1910  passed  a  bill  providing  for  the  con- 
struction of  the  canal,  this  bill  failed  in  the  house;  and, 
therefore,  favorable  action  upon  the  matter  is  not  possible 
before  1911.  The  plans  of  the  Internal  Improvement  Com- 
mission of  Illinois  provide  that  at  first  the  channel  be  only 
fourteen  feet  deep;  but  the  locks  are  to  be  so  constructed 
as  to  permit  of  the  deepening  of  the  channel,  without  re- 
building the  locks,  to  twenty-four  feet.  (See  pp.  132,  161, 
in  reference  to  water  powers.) 

President  Taft,  in  1910,  definitely  recommended  to  Con- 
gress that  the  Ohio  River  from  Pittsburg  to  Cairo  be  im- 
proved so  as  to -maintain  a  minimum  depth  of  nine  feet,  and 
thus  make  possible  a  great  increase  of  its  tonnage,  which 
even  under  present  conditions  is  large,  the  port  of  Pittsburg 
having  a  traffic  in  1906  of  nearly  13,000,000  tons.  He  fur- 
ther recommended  that  the  Upper  Mississippi  from  St.  Louis 
to  St.  Paul  be  improved  to  maintain  a  constant  depth  of  six 
feet;  that  the  channel  of  the  Missouri  from  St.  Louis  to 
Kansas  City  have  the  same  depth;  that  in  the  Mississippi 
from  St.  Louis  to  Cairo  a  depth  of  eight  feet  be  maintained; 
and  that  below  Cairo  a  depth  of  nine  feet  be  maintained. 
He  indicates  that  in  the  future  these  depths  may  be  increased 
as  commerce  shows  the  necessity.  President  Taft's  proposal 
does  not  go  so  far  as  that  recommended  by  the  Inland 
Waterways  Commission,  but  if  carried  out  would  undoubt- 
edly result  in  vast  improvements  in  the  condition  of  the 
Mississippi  River  system. 

A  fourth  project  is  to  connect  the  Columbia  River  and  Puget  Columbia 
Sound.     Puget  Sound  is  an  inner  sea  for  the  state  of  Wash-  p^''g^''°'* 
ington,  serving  the  ports  of  Seattle,  Tacoma,  and  other  cities.  Sound. 
The  proposed  canal  would  connect  the  commerce  of  this  inner 
sea  with  Portland  and  with  the  traffic  of  the  Columbia  and 
Willamette. 

Fifth,  it  is  proposed  to  deepen  the  waters  of  the  Sacra- 
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mento  River  and  the  San  Joaquin,  so  that  commerce  may  go 
by  water  to  the  heart  of  the  state  of  California  and  reach 
Sacramento,  Stockton,  and  other  cities. 

Sixth,  there  are  many  other  systems  upon  which  im- 
provements should  be  made.  In  these  streams  channels  will 
be  constructed  for  boats  of  relatively  shallow  draft. 

While  the  above  proposals  are  made  by  the  Inland 
Waterways  Commission,  it  is  not  advocated  that  they  all  be 
undertaken  at  the  present  time,  or  that  any  one  of  them  be 
undertaken  until  there  is  a  most  careful  study  of  conditions. 
They  are  all  feasible;  all  may  be  executed  with  the  expendi- 
ture of  suflBcient  money.  The  question,  however,  arises 
whether  the  expenditure  demanded  for  a  particular  improve- 
ment will  be  warranted  by  the  results.  This  question  in  any 
given  case  cannot  be  answered  until  an  exhaustive  study  has 
been  made  of  the  entire  problem  by  competent  men.  There 
should  be  available  to  Congress  the  results  of  such  an  investi- 
gation in  each  case  as  a  basis  for  action. 

The  above  statement  does  not  apply  to  the  Lakes-to-the- 
Gulf  fourteen-foot  waterway.  That  project  has  been  declared 
to  be  feasible  by  a  sp>ecial  board  of  engineers,  created  by 
Congress;  and  all  necessary  surveys  and  working  plans  have 
been  made  so  that  construction  may  begin  as  soon  as  appropri- 
ations are  available.  The  Fourth  Lakes-to-the-Gulf  Deep 
Waterways  Convention  at  New  Orleans  expressed  the  convic- 
tion that  the  improvement  of  the  Mississippi  River  system  is 
the  first  of  the  great  projects  for  the  improvement  of  the  inland 
waterways  which  should  be  undertaken.  They  say  that  the 
great  interior  region  drained  by  the  Mississippi  River  com- 
prises about  half  the  area  of  the  United  States;  that  this  is  by 
far  the  most  productive  portion  of  the  country;  and  that  in 
this  area  are  nearly  60,000,000  people,  the  commercial  needs 
of  whom  have  increased  very  much  more  rapidly  than  in  any 
other  portion  of  the  country. 

Doubtless  during  the  next  twenty-five  years  there  will  be 
great  improvements  upon  our  rivers  and  our  canals.  Prob- 
ably these  improvements  will  continue  through  the  coming 
hundred  years.     I  have  little  doubt  that  before  the  end  of  this 
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century  most  of  the  improvements  suggested,  and  doubtless 
others,  will  become  accomplished  facts.  If  the  population  and 
commerce  of  the  present  time  are  not  sufficient  to  warrant 
them,  it  is  certain  that  the  population  and  the  commerce  of 
the  future  will  do  so,  —  exactly  as  was  warranted  the  ex- 
penditure of  $1,000,000,000  in  improving  the  rivers  of  800,000 
square  miles  in  Europe. 

Finally,  a  brief  statement  should  be  made  in  reference  to  The 
the  Panama  Canal.^  While  this  is  not  an  inland  waterway  of  ?^^* 
the  United  States,  it  is  so  connected  with  the  development  of 
those  waterways,  and  especially  those  of  the  Mississippi  River, 
that  it  should  be  considered.  This  canal  is  to  be  40  miles  be- 
tween shore  lines,  and  nearly  50  miles  between  the  41 -foot  con- 
tours of  the  bays  of  Lyman  and  Panama.  It  is  to  have  a  chan- 
nel 42  feet  deep,  and  a  minimum  width  of  300  feet  at  the  top, 
and  200  feet  at  the  bottom.  The  summit  is  to  be  made  by  a 
large  lake  55  feet  above  mean  tide,  with  three  locks  on  either 
side,  each  one  to  be  not  less  than  1000  feet  long,  100  feet  wide, 
and  40  feet  deep.  The  total  cost  of  the  canal,  as  estimated 
in  1909  by  Chairman  Goethals,  is  $375,201,000.  It  is  ex- 
pected that  it  will  be  ready  for  commerce  in  1915.  The 
completion  of  this  canal  cannot  but  give  a  powerful  impetus 
to  commerce  between  the  eastern  and  western  parts  of  the 
United  States,  and  especially  between  the  Mississippi  Valley 
and  the  Pacific  coast  states.  Its  completion  will  give  water 
competition  with  railway  competition  between  the  east  and 
west.  The  effect  of  this  canal  upon  foreign  commerce  is  not 
discussed,  since  this  subject  is  not  included  within  the  scope  of 
these  lectures. 

INFLUENCE   OF  WATER  TRANSPORTATION  ON    FREIGHT  RATES 

Even  with  the  present  very  imperfect  development  of  the  Waterways 
waterways,  competition  of  water  transportation  has  been  a  fj!^^  j^^ 
most  important  factor  in  lowering  the  freight  rates  on  rail-  rates, 
ways.    This  has  been  especially  true  of  the  Great  Lakes  traffic, 

1  "Present  Status  of  the  Panama  Project, "  by  Henry  L.  Abbot,  An.  Am, 
Ac.  of  Pol.  and  Soc.  Sci.,  Vol.  XXXI,  No.  1,  pp.  19-20., 
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the  influence  of  which  has  not  simply  affected  the  lake  ports, 
but  has  extended  to  a  considerable  distance  inland.  Thus 
the  price  of  anthracite  at  Minneapolis,  St.  Paul,  and  many 
other  interior  cities  is  much  lower  than  if  the  coal  had  nec- 
essarily an  all-rail  haul.  If  the  projects  proposed  were  carried 
through,  so  that  there  would  be  a  20-foot  channel  between 
New  York  and  the  Great  Lakes,  and  a  14-foot  channel  from 
the  Gulf  to  the  Great  Lakes,  no  one  can  estimate  the  effect 
that  this  would  have  upon  freight  rates.  The  railroads  could 
not  charge,  for  heavy  commodities  in  which  time  in  transpor- 
tation was  not  an  important  factor,  a  greater  rate  between 
New  York  and  the  lake  ports  and  points  within  a  reasonable 
distance  from  the  lakes,  than  the  boat  companies,  or  by  the 
boat  companies  combined  with  the  railways.  Indeed,  it  is 
probable  that  a  20-foot  channel  between  New  York  and  the 
Great  Lakes  would  result  in  a  large  part  of  the  more  bulky 
and  cheaper  commodities  going  by  water.  This  would 
decrease  the  congestion  of  the  railroads  between  the  East 
and  Chicago,  and  would  enable  them  to  handle,  without  great 
extensions,  the  traffic  in  which  the  articles  are  more  valuable 
and  in  reference  to  which  time  is  an  important  factor.  Such 
commodities  bear  a  relatively  high  freight  rate. 
Transship-  The  Same  argument  applies  to  the  great  north  and  south 
™^°*  traffic  of  the  Mississippi  Valley,  and  this  traffic  will  be  enor- 

Decessary. 

mously  increased  when  the  Panama  Canal  is  completed. 

Some  of  those  who  have  been  most  sanguine  in  reference 
to  the  improvement  of  inland  waterways  have  held  that  their 
development  would  enable  ocean-going  boats  to  reach  the 
heart  of  the  country.  However,  this  can  hardly  be  expected. 
We  have  seen  that  ocean-going  boats  are  steadily  increasing  in 
size;  and  a  large  part  of  the  freight  is  already  carried  on  boats 
having  a  draft  greater  than  twenty  feet.  It  is  therefore  to  be 
expected  that  the  foreign  conmierce  must  bear  one  transship- 
ment ;  but  the  inner  channels  should  be  developed  so  that  only 
one  transshipment  should  be  necessary.  This  a  twenty-foot 
channel  between  New  York  and  the  Great  Lakes  and  a 
fourteen-foot  channel  from  the  Gulf  to  the  Great  Lakes  would 
accomplish  for  a  large  part  of  the  country. 
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SUMMARY  OF  ADVANTAGES  OF  WATERWAYS  DEVELOPMENT 

The  advantages  resulting  from  the  development  of  the 
waterways  may  be  recapitulated  as  follows :  — 

IiLJM-first-placfi^JJie-ireight, ja^  be  reduced_fo.r^  a  Reduction 

Jarg£_part  of  our  trR.ffir.  It  is  impossible  to  estimate,  even  ^^^^^^sht 
approximately,  the  amount  per  annum  of  such  reductions; 
but  if  we  suppose  that  there  will  develop  on  the  rivers  of  this 
country  a  traffic  at  all  comparable  with  that  on  the  Rhine 
and  the  Danube,  the  reduction  in  freight  rates  alone  would 
justify  the  necessary  expenditure. 

I^  thB^ecoad-Illace^wiitfir.daYel^^  the  con-  Relieve 

gestion  of  the,  railroads  and  render  it  unnecessary  to"spend  a  ^^o^sestion 
vast  Slim  of  money  to., develop  the  railways  sufficiently  to  railways, 
handle  the  traffic  of  the  country,  estimated  by  Hill  at  about 
$6,000,000,000.  But  in  any  case  a  part  of  this  expenditure 
will  be  necessary,  for  railway  transportation  is  sure  to  grow 
rapidly,  and  this  will  require  expansions  and  improvements 
of  the  railway  system. 

Third,  the  storage  of  storm  waters  in  reservoirs  would  make  Advantage 
the  water  of  the  streams  less  impure.     The  waters  would  be  g^orm^"^^ 
better  both   for  domestic   supply   and   for  manufacturing,  waters. 
Many  lines  of  manufacturing  require  pure  water.     This  is  il- 
lustrated by  the  paper  industry.     Often  a  large  part  of  the 
cost  of  the  water  supply  of  a  city  is  occasioned  by  great  sys- 
tems of  filtering  plants  to  separate  the  silt  and  mud.     If  the 
storm  waters  are  held  at  the  heads  of  the  streams  in  reservoirs, 
so  that  there  are  no  great  floods,  and  the  streams  maintain  an 
equal  flow,  the  expense  in  connection  with  supplying  cities  with 
water  from  rivers  will  be  lessened.     No  estimate  can  be  made 
as  to  this  saving,  but  it  will  be  many  millions  of  dollars.     This 
is  entirely  apart  from  the  increased  healthf ulness  of  the  waters, 
due  to  their  being  neither  heavy  with  silt  at  time  of  flood,  nor 
so  scanty  at  times  of  low  water  as  to  become  contaminated. 

F.ourthJto:£wilLbaa.n  immfinse  reductioam  flood  damages.  Reduction 
By  '* flood  damages'*  is  meant  the  actual  losses  which  occur  °^^o°^ 

,  ,  ...  damage. 

along  the  streams  to  constructed  property  m  cities,  country 
homes,  railroad  bridges,  etc. ;  they  have  no  relation  to  agri- 
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culture,  —  the  land  itself.  I  do  not  know  how  many  of  you 
have  seen  a  great  river  in  flood;  it  is  a  most  impressive  sight. 
The  stream  normally  occupies  but  a  relatively  little  of  the  cut 
between  its  banks.  At  a  time  of  flood  the  cut  is  filled  to  the 
brim,  and  often  overflowing,  extends  across  the  valley,  from 
terrace  to  terrace,  sometimes  several  miles  in  width.  Crops 
and  houses  are  washed  away;  cities  at  some  of  the  great 
floods  are  inundated;  and  enormous  damage  is  done. 

Doubtless  the  greater  number  of  my  listeners  remember 
that  Kipling's  "Bridge  Builders'*  were  constructing  a  bridge 
across  the  Ganges.  Although  the  piers  had  been  sunk  many 
feet  below  the  shifting  bed  of  the  stream,  Peroo,  the  native 
assistant,  in  discussing  the  matter  with  the  chief  engineer, 
said :  "  Mother  Gunga  eats  great  allowance.  There  is  always 
room  for  more  stone  on  the  revetments."  When  Mother 
Gunga  got  up,  all  the  stone  so  placed  by  the  industrious  as- 
sistant was  sorely  needed.  In  this  story  Kipling  depicts 
with  fidelity  and  insight  the  enormous  power  and  impressive 
majesty  of  a  mighty  river  in  flood. 

At  the  present  time  the  flood  damages  of  the  country  are 
enormous.  Leighton,  after  a  careful  consideration  of  the 
facts,  estimated  them,  in  1908,  at  $237,800,000.  If  one 
fourth  of  this  loss  were  prevented,  as  a  result  of  completing 
the  storage  reservoirs  and  developing  navigation,  it  would  be 
more  than  sufficient  to  pay  for  the  entire  improvement  pro- 
posed of  $500,000,000  during  the  next  ten  years.  As  ah-eady 
noted,  at  the  present  time  reservoir  systems  are  only  partially 
developed  in  a  few  regions.  In  the  northeastern  part  of  the 
United  States  and  in  New  York,  it  is  estimated  that  10  per 
cent  of  the  flood  waters  are  retained  by  reservoirs.  I  have 
already  mentioned  that  there  is  a  beginning  of  the  de- 
velopment of  reservoir  systems  in  Wisconsin,  Minnesota, 
and  the  far  West  in  connection  with  irrigation  and  water 
powers.  Leighton  estimates  that  for  the  United  States  as  a 
whole  not  more  than  1  per  cent  of  the  excess  of  the  storm 
waters  is  held  back  in  the  reservoirs;  and  he  believes,  as  a 
result  of  his  careful  investigations,  that  for  two  thirds  of  the 
country,  reservoirs  may  be  constructed  which  will  hold  from 
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55  to  60  per  cent  of  the  storm  waters.  This  being  the  case, 
it  is  very  conservative  to  conclude  that  when  this  is  done, 
flood  damages  would  be  lessened  by  one  fourth;  possibly 
they  would  be  lessened  by  one  half,  or  even  two  thirds. 

Fifth,  if  the  storm  waters  were  restrained  in  reservoirs,  Reduction 
there  would  be  great  reduction  in  the  denudation  of  the  land.  ^  denu- 
This  point  I  shall  not  further  consider  at  this  time,  but  shall 
take  it  up  in  connection  with  land  (see  pp.  245-252). 

Sixth,  an  incidental  result  of  the  storing  of  storm  waters  Reclama- 
will  be  that  large  areas  of  land  now  flooded  and  made  swamps  ^^^  lands 
or  marshes  will  be  reclaimed. 

\     Seventh,  the  storing  of  the  storm  waters  would  greatly 
\improve  the  water  powers  which  have  already  been  developed 
I3,nd  would  develop  new  water   powers  of  large  magnitude 
(see  pp.  126-129). 

Reservoirs  are  one  of  the  more  important  methods  of  stor-  Incidental 
ing  storm  waters  and  preventing  floods,  but  other  measures  ™  nt°or 
are  necessary.    One  of  these  is  the  preservation  of  the  forests  water 
upon  the  headwaters  of  the  streams,  and  especially  the  steep  p°^^^^- 
slopes  of  the  mountains,  to  be  mentioned  later  (see  p.  245). 
The  general  law  in  reference  to  floods  is  that  barren  condi- 
tions without  land  protection  or  cultivation  result  in  increas- 
ing floods.    The  removal  of  the  forests  lead  to  such  conditions. 
Where  under  natural  conditions  there  are  no  forests  and  the 
grasses  are  sparse,  cultivation  may  have  a  tendency  to  de- 
crease floods.     As  an  illustration  of  this  may  be  mentioned 
the  Red  River  in  the  southwest.    The  development  of  agri- 
culture on  the  headwaters  of  that  stream  has  resulted  in 
getting  a  larger  proportion  of  the  precipitation  into  the 
ground  and  has  decreased  the  amount  of  floods. 

If  the  floods  are  decreased,  the  amount  of  silt  which  is  carried 
by  them  to  the  streams  will  be  greatly  reduced,  and  this  will 
result  in  lessening  the  expense  of  maintaining  channels  for 
navigation. 

McGee's  estimate  of  the  gains  which  will  result  from  the  Saving  of 
expenditure  of  $500,000,000  distributed  through  ten  years  for  l^^'^J' 
the  improvement  of  the  waterways  is  as  follows :    He  says  each  year. 
there   would   be   an   annual   saving   in   transportation   of 


an  invest- 
zneDt. 
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$250,000,000,  an  annual  saving  from  flood  damage  of 
$150,000,000,  an  annual  saving  from  forest  fires  of  $25,000,000, 
an  annual  benefit  from  cheapened  power  of  $75,000,000,  an 
annual  saving  of  soil  erosion  of  $500,000,000,  —  a  total  of 
$1,000,000,000  per  annum.  The  proposed  expenditure  is 
at  the  rate  of  62^  cents  per  year  per  capita.  The  saving  is 
at  the  rate  of  $12.50  per  capita,  or  twenty  times  as  much. 
Taxation  aa  McGee's  figures  may  be  erroneous.  The  savings  may  be 
only  ten  times  the  cost  of  the  improvement.  But,  even  so, 
it  is  certainly  true  that  here  is  an  opportunity  for  wise  invest- 
ment by  the  government  for  the  benefit  of  the  whole  people. 
But  the  situation  with  the  government  and  the  states  is  that 
the  money  must  be  raised  by  taxation.  The  profits  go  to  the 
people,  not  the  government  directly,  and  therefore  it  is  difficult 
to  secure  the  required  appropriations.  The  cry  —  we  are  in- 
creasing the  national  debt;  we  are  increasing  taxation — scares 
the  politician.  Neither  the  politician  nor  the  citizen  who 
raises  the  cry  stops  to  consider  that  as  the  result  of  the  increase 
in  national  debt,  and  hence  an  increase  in  his  taxes,  he  will 
receive  ten  or  twenty  fold  the  amount  in  increased  income. 
This  b  somewhat  apart  from  the  proper  field  of  conservation, 
but  those  who  profess  political  economy  should  carry  on  a 
campaign  of  education  upon  taxation  as  an  investment. 
He  is  not  a  statesman  who  stands  before  the  public  and  cries, 
"Economy!  If  you  put  me  in  office  I  shall  reduce  the  ex- 
penditures.'^  He  is  a  statesman  who  says,  "I  shall  reduce 
unnecessary  expenditures;  but  I  shall  advocate  all  those 
necessary  public  expenditures  which  will  prove  a  wise  invest- 
ment for  the  people."  Very  few  of  our  public  men,  to  the 
present  time,  have  had  the  courage  to  rise  to  this  level.  We 
are  now  hearing  much  about  economy  of  expenditure,  but 
very  little  about  making  great  fundamental  improvements. 
In  this  respect  the  governments  of  Europe  are  far  in  advance 
of  us.  During  the  past  few  years,  as  we  have  seen  (see  pp. 
167-168),  the  people  who  occupy  an  area  of  800,000  square 
miles  have  put  in  $1,000,000,000  on  the  improvement  of  their 
waterways,  well  realizing  that  this  vast  expenditure  would 
be  justified  by  their  increased  wealth.    From  their  increased 
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income  only  a  small  fraction  need  be  taken  In  taxation  to 
pay  for  the  improvements. 

These  broad  statements  are  well  illustrated  in  the  case. of 
the  Illinois  Deep  Waterway,  which,  careful  plans  show,  can 
be  constructed  so  as  to  be  paid  by  the  water  power  developed 
in  seventeen  years;  and  from  that  time  the  state  will  have 
the  improved  navigation  and  the  water  power  as  a  great 
perpetual  source  of  wealth  (see  p.  132). 

Conducting  this  part  of  the  subject,  it  is  manifest  that  im-  Waterways 
proving  the  waterways  is  one  of  the  great  fundamental  ques-  g^rvation. 
tions  of  conservation.  Improvement  in  navigation  will  not 
simply  accomplish  improvement  in  transportation;  it  will 
result  in  several  other  advances  of  the  first  order,  among  which 
are  the  lessening  of  flood  losses,  purifying  the  waters,  lessening 
denudation  of  the  land,  reclaiming  the  swamps,  and  increas- 
ing the  water  power. 

IRRIGATION* 

Irrigation  is  the  artificial  transfer  to  the  land  of  water  for 
the  purposes  of  agriculture.  Irrigation  is  advisable,  indeed 
necessary,  for  the  best  results  wherever  the  annual  rainfall 
is  twenty  inches  or  less,  or  when  there  are  frequent  droughts 
during  the  crop  season. 

The  ancients,  imitating  the  natural  inundation  of    the  The 
rains,  practiced  the  art  of  irrigation  thousands  of  years  be-  ^ndlr^ 
fore  the  Christian  era.     Some  of  the  larger  countries  which  gation. 
have  long  practiced  irrigation  are  Assyria,  Egypt,  Persia, 
China,  and  India.     At  the  present  time  there  are  in  some  of 
these   countries   immense   areas   under   irrigation.      Indeed 
India  has  the  largest  area  of  irrigated  land  of  any  country 
in  the  world.      In  the  year   1900  the  area  irrigated  was 
31,544,000  acres,  or  one  third  of  the  cultivated  land  of  that 
country. 

1  The  chief  sources  of  information  for  this  chapter  are:  the  Report  of  the 
National  Conservation  Commission,  Vol.  II,  pp.  59-85;  "Irrigation,"  F.  H. 
Newell,  Crowell  &  Co.,  New  York,  1902;  "Irrigation  and  Drainage," 
F.  H.  King,  The  Macmillan  Co.,  New  York,  1899;  and  personal  informa- 
tion furnished  me  by  F.  H.  Newell,  director  of  the  U.  S.  Reclamation  Service, 
and  others. 
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Egypt  practiced  irrigation  as  eariy  as  two  thousand  years 
before  Christ,  and  probably  much  earlier.  In  ancient  times 
the  area  that  could  be  irrigated  in  any  one  season  depended 
upon  the  height  to  which  the  Nile  rose.  In  years  of  abundant 
rainfall  along  the  headwaters  of  the  Nile,  the  river  rose  suffi- 
ciently high  to  irrigate  a  large  area;  such  years  Egypt  was 
prosperous.  Other  years  in  which  the  rainfall  was  small,  the 
Nile  rose  but  little,  and  the  area  irrigated  was  small;  those 
were  lean  years  in  Egypt.  And  the  fat  and  lean  years  have 
alternated  in  that  country  from  Biblical  times  until  recently. 
Egypt  is  now  under  the  control  of  England.  In  1902  the  orig- 
inal Assuan  dam  was  completed  at  the  first  cataract  of  the 
Nile,  creating  a  storage  reservoir  having  a  capacity  to  irrigate 
a  large  acreage.  This  dam  is  now  being  increased  in  height, 
and  when  this  work  is  completed,  the  area  which  can  be  irri- 
gated as  a  result  of  its  construction  will  be  950,000  acres. 
At  the  present  time  there  are  more  than  6,000,000  acres  under 
irrigation  in  Eg^spt. 

In  the  United  States  irrigation  is  not  a  recent  art.  There 
are  evidences  of  ancient  irrigation  in  the  southwestern  part 
of  the  United  States,  especially  in  Arizona  and  New  Mexico. 
However,  the  first  modem  extensive  irrigation  in  this  country 
was  done  by  the  Mormons  in  the  eastern  part  of  the  great 
basin  by  the  Wasatch.  After  the  Mormons  had  moved  for 
the  fourth  time  to  Illinois,  and  the  conditions  had  become 
such  that  they  could  no  longer  remain  there,  they  decided  to 
move  west  to  an  area  beyond  the  control  of  the  United  States. 
Utah,  then  a  part  of  Mexico,  was  chosen  by  Brigham  Young. 
Young  men  were  sent  out  in  advance  to  raise  a  crop,  and  the 
people  of  the  faith  later  followed  to  assist  in  the  reaping. 
Hundreds  of  wagons,  with  more  than  a  thousand  people,  made 
their  weary  way  across  the  prairies  and  great  plains,  across 
the  plateaus  and  along  the  gulches  of  the  Rocky  Mountains, 
and  at  last  wound  down  through  the  Wasatch  Mountains  into 
the  superb  eastern  part  of  the  Great  Basin.  The  snow-clad 
Wasatch  rises  to  the  east  like  a  wall  from  the  plain  which 
slopes  gently  westward  to  Great  Salt  Lake.  Abundant  rains 
fall  upon  the  Wasatch,  and  out  of    them  flow  numerous 
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streams,  some  of  them  strong,  like  the  Weber  and  the  Bear, 
and  others  of  smaller  size.  It  was  an  ideal  site  to  begin 
modern  irrigation  in  the  United  States.  By  the  Mormons 
the  waters  of  the  streams  were  turned  on  to  the  land  be- 
tween the  Wasatch  and  Salt  Lake,  and  the  desert  was  made 
to  blossom  like  a  rose.  The  Mormons  were  among  the  great 
pioneers  of  the  United  States. 


IMPORTANCE   OF  IRRIGATION 

The  importance  of  irrigation  cannot  be  overestimated, 
since  it  transforms  lands  which  are  semi-arid  or  arid  and  al- 
most worthless  to  a  more  highly  productive  condition  than 
any  lands  where  irrigation  is  not  practiced.  Irrigation  is 
therefore  of  fundamental  importance  from  the  point  of  view 
of  conservation.  It  makes  available  a  great  resource  which 
otherwise  would  be  relatively  unimportant.  The  irrigated 
lands  have  extraordinary  value  for  the  following  reasons :  — 

(1)  The  arid  lands  are  very  rich  in  the  mineral  plant  foods. 
The  potassium  and  phosphorus  have  not  been  dissolved  and 
washed  away.  They  have  continuous  sunshine  during  the 
day. 

(2)  By  irrigation  there  may  be  perfect  adjustment  between  Adjustment 
the  requirements  of  the  crop  and  the  amount  of  water  fur-  ^^\^^^°  j 
nished.     In  humid  regions,  where  dependence  is  upon  natural  crop, 
precipitation,  there  may  be  too  much  or  too  little  water. 

Often  for  extensive  regions  the  water  for  a  part  of  the  season 
is  in  excess;  at  other  times  the  rainfall  is  below  the  normal 
and  the  crops  dry  up.  These  conditions  are  wholly  avoided 
by  irrigation.  At  any  time  the  amount  of  water  may  be 
adapted  to  the  condition  of  the  crops ;  when  abundant  water 
is  needed,  it  is  there;  when  at  another  stage  of  growth  less 
water  is  advisable,  less  water  is  used. 

(3)  For  the  warmer  parts  of  the  United  States  two  or  three 
crops  may  be  raised  in  a  single  year.  Not  infrequently  three 
or  even  five  crops  of  alfalfa  are  produced.  In  other  cases  a 
crop  of  one  kind  and  another  of  a  different  sort  are  produced 
in  a  single  year. 
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(4)  Since  in  the  arid  regions  the  water  is  turned  upon  the 
land  and  only  exceptionally  is  there  abundant  precipitation 
upon  the  fields,  erosion  is  reduced  to  a  minimum.  Indeed, 
in  the  arid  regions,  in  general,  the  natural  conditions  are 
such  as  result  in  accumulation  of  the  soil  rather  than  in  its 
destruction. 
Produo-  It  naturally  follows  that  under  the  ideal  conditions  above 

iiri  ^at^        disclosed,  the  productivity  of  the  land  is  far  beyond  that 
lands.  where  irrigation  is  not  practiced.    Not  only  is  this  so  for  the 

ordinary  crops,  but  by  the  control  of  water  it  is  possible  to 
raise  crops  of  the  highest  market  value.  Some  of  the  classes 
of  crops  raised  under  irrigation  are:  (1)  grains,  hay,  alfalfa; 
(2)  truck,  including  potatoes,  onions,  beets,  beans,  peas, 
asparagus,  lettuce,  and  other  vegetables;  (3)  fruits,  including 
apples,  pears,  peaches,  apricots,  prunes,  oranges,  lemons, 
grap6  fruit,  olives,  etc.;  (4)  berries,  including  strawberries, 
raspberries,  blackberries,  etc.;  (5)  nuts,  such  as  walnuts, 
pecans,  etc. 

McGee  graphically  describes  the  increased  productivity 
of  the  arid  lands  by  the  statement  that,  "under  irrigation 
one  hundred  heads  of  grain  replace  the  blade  of  grass,  and  one 
hundred  head  of  kine  graze  where  an  antelope  or  two  wandered 
before." ' 
Value  of  It  naturally  follows  that  as  soon  as  water  b  placed  upon 

irrigated  lands  in  an  arid  region  they  have  a  value  varying  from  150 
to  $500  or  even  SI 000  per  acre.  A  conmion  value  is  from 
SI 00  to  $150  per  acre.  The  higher  figures  apply  to  lands 
which  are  adapted  to  fruits.  For  irrigated  lands  on  which 
there  are  bearing  fruit  trees  a  not  imcommon  price  is  $1000  or 
more  an  acre;  and  at  Grand  Valley,  Colorado,  bearing  fruit 
orchards  have  been  sold  at  more  than  $4000  per  acre.  These 
high  prices  are  warranted  because  the  net  profits  may  reach 
several  hundred  dollars  per  acre  per  annum. 

»  McGee,  W  J,  "Soil  Eroaioa" 
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AEEA   OP  IRRIGABLE  LANDS 

The  facts  given  make  it  clear  that  the  area  of  irrigated  land 
should  be  extended  to  the  highest  practicable  limit  in  order 
that  the  largest  possible  area  of  rich  soil  of  the  arid  region 
may  be  utilized.  The  total  area  of  land  in  the  United  States 
which  should  be  irrigated  is  not  less  than  750,000,000  acres; 
that  is,  at  least  this  amount  of  land  has  a  position,  altitude, 
and  precipitation  which  would  make  irrigation  very  advan- 
tageous. 

The  question  arises,  what  proportion  of  this  land  can  be  Rainfall  of 
irrigated?  It  was  supposed  a  few  years  ago  that  the  larger  ^"^  region, 
part  of  it  could  be  supplied  with  water.  Indeed  it  was  thought 
by  some  at  one  time  that  rainfall  could  be  produced  by  big 
explosions  or  other  devices;  and  attempts  of  this  kind  were 
made  in  Texas,  I  believe.  But  as  yet  no  means  have  been 
found  to  increase  the  rainfall.  The  average  precipitation  of 
the  area  of  the  United  States  below  20  inches  is  less  rather 
than  more  than  15  inches.  If,  as  has  been  seen,  more  than 
one  half  of  this  fall  is  almost  immediately  evaporated,  and  if 
another  portion  of  it  goes  underground  to  be  later  evaporated 
in  part,  then  the  average  run-off  which  is  available  for  irriga- 
tion cannot  be  more  than  a  fraction  of  15  inches. 

The  United  States  reclamation  projects  are  upon  the  basis  Amount 
of  from  li  acre  feet  to  5i-  acre  feet,  or  18  inches  to  66  inches  °^  ^f*^I 

^  ^  '  reqiiirea. 

in  depth  over  the  whole  surface  per  annum.  In  the  northern 
part  of  the  country,  and  in  areas  where  the  precipitation  is 
moderate,  the  water  required  may  not  be  more  than  \\  feet, 
—  as  at  Milk  River  and  at  Sun  River,  Montana.  More 
commonly,  however,  from  2  to  2\  feet  are  required,  and 
occasionally  3  feet.  In  the  hot  districts  of  the  southwest 
allowances  are  usually  from  3|-  to  4  feet.  The  Salt  River, 
Arizona,  project  is  on  the  basis  of  4  acre  feet  and  the  Yuma 
on  the  basis  of  5|-  acre  feet  per  annum  at  the  land. 

The  above  allowances  of  water  are  liberal.  In  some  cases, 
especially  where  the  precipitation  is  relatively  large,  not  more 
than  one  foot  may  be  necessary.  The  amount  required  de- 
pends not  only  upon  the  rainfall,  and  upon  the  temperature. 
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but  also  upon  the  kind  of  crop,  upon  the  number  of  crops 
raised  in  a  year,  upon  the  character  of  the  tillage,  upon  the 
presence  of  trees  to  serve  for  windbreaks,  upon  the  skill  of 
the  irrigator,  etc.  McGee  points  out  that  if  four  acre  feet 
be  taken  as  the  normal  amount  of  water  required  for  the 
soil  for  efficient  productivity,  its  weight  each  year  will  be 
about  two  and  one  half  times  that  of  the  first  foot  of  soil, 
the  specific  gravity  of  the  latter  being  taken  at  one  and  one 
half.' 

Regarding  the  western  arid  region  as  occupying  two  fifths 
of  the  United  States,  this  would  be  an  area  of  approximately 
1,200,000  square  miles,*  or  768,000,000  acres.  It  is  probably 
safe  to  say  that  500,000,000  acres  of  this  area  have  an  altitude 
and  surface  of  a  kind  so  that  it  would  be  advantageous  to 
place  water  upon  them  if  this  were  practicable.  But  under 
the  most  favorable  circumstances  it  will  not  be  possible  to 
irrigate  more  than  a  fraction  of  this  vast  area.  According 
to  Fortier,  who  has  carefully  studied  this  problem,  the  area 
capable  of  irrigation  is  not  greater  than  about  45,000,000 
acres,  or  less  than  one  tenth  of  the  land  which  could  be  irri- 
gated to  advantage. 

At  the  end  of  1908,  in  the  far  West  there  were  under 
irrigation  some  13,035,700  acres  of  land,  or  approximately 
between  one  third  and  one  fourth  of  the  amoimt  which  will 
be  irrigated  in  the  future.  When  the  full  45,000,000  acres 
are  irrigated,  they  will  support  a  great  number  of  people. 
It  is  safe  to  say  that  five  acres  of  irrigated  land  will  support 
at  least  one  person  under  present  conditions,  and  45,000,000 
acres  will  support  9,000,000  people.  I  have  no  doubt 
whatever  that  in  the  future  20,000,000  or  more  people 
will  be  sup|X)rted  directly  or  indirectly  from  irrigated  land. 

If  only  one  tenth  of  the  land  which  should  have  more 
water  can  be  irrigated,  this  leaves  nine  tenths  available  for 
dry  farming  and  for  ranching  purposes.  This  part  of  the 
subject  will  be  treated  under  soils  (see  pp.  274-277). 


•rSoUEroaioa.'! 
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THE  RELATION  OF   IRRIGATION    TO  FORESTS    AND  TO 
RESERVOIRS 

It  has  already  been  pointed  out  that  the  forests  at  the  Forests  and 
headwaters  of  the  streams  act  as  a  restraining  influence  on  "^s^^^o^- 
the  flow  of  water  and,  therefore,  distribute  it  more  uniformly. 
Hence  the  preservation  of  forests  at  the  headwaters  of  the 
more  important  streams,  and  especially  those  in  the  moun- 
tains, is  extremely  advantageous  for  irrigation,  exactly  the 
the  same  as  for  water  powers. 

Also,  the  same  principles  and  ideas  apply  with  reference 
to  reservoir  sites  and  the  storage  of  waters  for  irrigation  that 
apply  to  water  powers.  The  development  of  reservoirs  for 
irrigation  has  been  undertaken  upon  a  great  scale  by  the 
United  States  Reclamation  Service. 


SOURCES    OF  WATER 

The  sources  of  water  for  irrigation  are  wells,  springs,  tanks, 
and  canals. 

In  India,  in  1899-1900,  13,644,460  acres  of  land  were  irri-  Irrigation 
gated  by  canals,  4,388,375  by  tanks,  and  12,287,218  by  wells.  ^^  ^^^^• 
These  figures  are  given  to  show  the  surprisingly  large  acreage 
irrigated  by  wells,  which  requires  the  artificial  raising  of  the 
water  to  the  surface.  This  is  due,  in  India,  to  the  extraor- 
dinarily dense  population,  cheap  labor,  and  the  small  holdings 
of  land.  Irrigation  from  wells  is  there  possible  on  a  scale 
which  could  not  be  approached  in  America  under  present 
conditions. 

In  the  United  States,  irrigation  is  subordinately  by  wells  The 
and  springs,  but  mainly  by  canals.  Irrigation  by  wells  has  ^^^^^^^^ 
become  of  increasing  importance.  The  artesian  well  is  an 
important  source  of  water  for  irrigation.  The  use  of  such 
wells  is  perhaps  best  illustrated  in  the  Dakotas,  especially 
in  South  Dakota.  In  that  state  are  several  formations 
which  are  water  bearing,  the  most  important  being  the  Dakota 
sandstone.    These  formations  come  to  the  surface  and  are 
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filled  with  water  in  the  neighborhood  of  the  Black  Hills. 
East  of  the  Missouri  and  along  the  Missouri  Valley,  at  dis- 
tances of  from  150  to  200  miles,  are  more  than  a  thousand 
wells,  the  aggregate  flow  of  which  is  estimated  by  Darton  at 
7,000,000  gallons  a  day.*  Many  wells  yield  from  1000  to  1500 
gallons  per  minute,  with  an  occasional  one  reaching  as  high 
as  2000  gallons  or  more,  although  much  the  larger  number 
yield  less  than  1000  gallons  per  minute. 
Pumping  Where  the  water  is  comparatively  near  the  surface,  it  is  often 

of  water.  profitable  to  pump  for  irrigation.  This  is  especially  true  for 
the  more  intensive  crops,  such  as  fruit  and  truck.  This  is 
very  well  illustrated  in  the  Arkansas  Valley  of  Kansas  and 
in  southern  California,  in  both  of  which  areas  pumping  of 
underground  water  for  irrigation  is  done  on  an  extensive 
scale.  The  greater  irrigation  projects  of  the  United  States 
supply  water  through  canals.  At  the  present  time  large 
expansions  of  canal  irrigation  are  taking  place.  Also,  where 
cheap  power  from  water  is  available,  water  may  be  pumped 
from  the  streams  to  lands  that  cannot  be  reached  by  gravity 
canals. 

THE   IRRIGATED   LANDS 

It  has  already  been  noted  that  in  the  United  States  are 
more  than  13,000,000  acres  under  irrigation.  This  land  has 
been  reclaimed  in  small  part  by  individual  action.  That  is, 
a  man  has  taken  up  a  homestead,  and  by  his  individual  effort 
has  conducted  from  a  stream,  usually  a  small  one,  water  to 
irrigate  his  farm. 

But  much  the  larger  part  of  the  irrigation  work  has  been 
done  by  combination.  Most  irrigation  projects  are  too  large 
to  be  undertaken  by  one  man.  At  the  present  time  irrigation 
is  mainly  being  extended  through  four  plans:  — 

(1)  By  cooperation  of  farmers  and  by  small  corporations; 

(2)  By  the  creation  of  irrigation  districts; 

(3)  Under  the  Cary  Act; 

(4)  By  the  Reclamation  Service. 

*  "  Geology  and  Underground  Waters  of  South  Dakota,"  N.  H.  Darton, 
p.  64. 
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(1)  Cooperation  and  Corporations 

The  aggregate  acreage  of  land  irrigated  by  the  coopera- 
tion of  individual  farmers  and  by  small  corporations  is  very 
large.  This  was  the  method  of  irrigation  in  its  early 
development  in  this  country,  and  according  to  Newell  the 
larger  number  of  existing  ditches  have  been  built  by  such 
organizations.  He  thinks  the  total  acreage  irrigated  in  this 
way  is  as  large  or  larger  than  that  produced  as  a  result 
of  forming  irrigation  districts  and  the  Gary  Act,  considered 
below. 

(2)  Irrigation  Districts 

In  the  western  states  a  group  of  people  get  up  a  plan  to 
make  a  certain  area  an  irrigation  district.  The  plan  must 
have  the  affirmative  vote  of  the  people  concerned,  often  a 
majority,  but  in  some  cases  two  thirds.  The  cost  of  the  con- 
struction of  the  ditches,  etc.,  is  assessed  upon  the  land  bene- 
fited by  the  improvements.  The  necessary  money  is  raised 
by  bonds  upon  the  land.  Usually  in  such  cases  the  interest 
only  is  payable  for  the  first  ten  years,  thus  affording  the 
people  for  a  time  an  opportunity  to  put  the  main  part  of  the 
income  into  improvements.  The  second  ten  years  the  bonds 
are  extinguished  by  partial  pajnnents.  Thus,  ultimately, 
the  canal  and  all  the  water  works  in  connection  with  the  im- 
provements become  the  property  of  the  landholders. 

(3)   The  Gary  Act 

The  Gary  Act,  which  was  passed  Aug.  18,  1894,  provides 
for  reclamation  by  cooperation  between  the  nation,  state, 
corporation,  and  individual.  Under  this  act  the  states  of 
Golorado,  Idaho,  Montana,  Nevada,  Oregon,  Utah,  Wash- 
ington, and  Wyoming  were  each  given  1,000,000  acres  of 
land,  provided  they  complied  with  the  conditions  of  the  act. 
To  Wyoming  and  Idaho,  each,  in  1908,  there  were  an  addi- 
tional 1,000,000  acres  granted.  The  method  of  development 
is  similar  to  that  of  the  irrigation  district.    A  company  forms 
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a  project.  This  is  submitted  to  the  state  authorities.  If 
approved  by  the  state,  the  government  at  Washington  is 
requested  to  withdraw  the  land  from  entry,  and  give  the  con- 
trol of  it  to  the  state.  These  two  things  done,  the  individual 
owners  enter  into  contracts  with  the  water  company  for  the 
water  rights,  and  they  have  a  perpetual  interest  in  the  irri- 
gation works.  Commonly  the  land  is  sold  by  the  state  to 
the  individual  at  a  very  low  price,  —  in  Wyoming,  at  fifty 
cents  per  acre.  Under  this  act  the  government  has 
patented  293,000  acres  and  has  approved  plans  but  not 
patented  1,7 16,000  acres.  Also  there  are  many  other  projects 
before  the  government  for  approval.  The  Cary  Act  is  there- 
fore likely  to  result  in  a  large  increase  in  the  irrigated  land  of 
the  West. 

(4)  The  RedanuUum  Ad 

Money  ^^*  *^®  °^^^  notable  of  the  recent  steps  in  progress  for  irri- 

from  sale       gation  has  been  made  under  the  reclamation  act  of  June  17, 
dedicated  to  1^^-     Under  this  act  money  from  the  sale  of  the  pub- 
irrigation,      lie    lands    in    the   West    was   made   a   reclamation  fund. 
Congress    definitely    committed    itself     to     dedicate    the 
funds  derived  from  the  sale  of  the  western   public  lands 
to  irrigation.     The    act    gives    to   the   Secretary    of   the 
Interior   large    discretion    in    the    disbursement    of    the 
reclamation  funds  for  irrigation  works.     Sometimes  it  has 
been  said  that  the  government  should  not  engage  in  busi- 
ness, because  to  do  so  is  socialistic.    But  under  the  reclama- 
tion act  (I  do  not  say  this  was  considered  by  Congress  at 
the  time  the  act  was  passed)  the  government  has  engaged  in 
many  kinds  of  business. 
Variety  of         According  to  Director  Newell,   the  reclamation  service 
buaineasof     has  made  some  350  miles  of  roads;    has  built  about  1000 
bridges,  having  an  aggregate  length  of  about  five  miles;  has 
engaged  in  manufacturing  various  articles  for  storage  dams 
and  other  works,  including  the  making  of  bricks  and  cement. 
It  has  run  general  stores   to  supply  workmen  and    their 
families;  it  has  established  and  maintained  extensive  board- 


reclamation 

service 
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ing  houses,  the  number  fed  varying  at  different  times  of  the 
year  from  1000  to  5000;  it  has  built  houses  for  the  engineers; 
also  various  other  activities  have  been  entered  into.  In  short, 
the  reclamation  service  has  done  all  the  kinds  of  business 
necessary  to  irrigate  the  arid  fields  in  districts  where  no,  or 
only  a  few,  people  lived.  These  business  enterprises  were 
absolutely  necessary  if  the  great  dams,  the  long  tunnels,  the 
immense  ditches,  required  to  reclaim  the  arid  region,  were  to 
be  constructed. 

The  reclamation  fund,  to  June  30,  1909,  had  reached 
the  sum  of  about  $58,582,000,  and  to  that  time  there 
had  been  spent  in  reclamation  work  $45,750,000.  According 
to  the  Secretary  of  the  Interior  water  could  be  supplied  to 
767,958  acres  of  land,  making  12,198  farms.  Actually  at 
that  time  water  has  been  supplied  to  424,549  acres  and  to 
7970  farms. 

In  1908  there  were  thirty  projects  in  various  stages  of  con- 
struction, which  when  completed  will  irrigate  3,037,961  acres 
of  land.  It  is  not  possible  in  these  lectures  to  describe  in 
detail  these  projects,  but  certain  features  of  some  of  them 
may  be  mentioned  to  illustrate  their  magnitude. 

The  Salt  River  project  of  Arizona  is  to  have  the  great  Salt  River 
Roosevelt  dam,  280  feet  in  height,' with  a  storage  area  of  16,320  P^°J^°*- 
acres,  and  a  capacity  of  1,284,000  acre  feet.  The  main  canals 
are  to  be  119  miles  in  length  and  the  laterals  208  miles. 
Water  power  to  the  extent  of  4400  horse  power  will  be  devel- 
oped. On  the  basis  of  the  duty  of  water  of  four  acre  feet  per 
annum,  240,000  acres  of  land  will  be  irrigated.  The  products 
are  to  be  semi-tropical  fruits,  sugar  beets,  and  alfalfa. 

The  Sun  River  project  of  Montana  has  one  large  reservoir.  Sun  River 
Canals  are  to  be  constructed  as  follows :  0.3  mile  with  capac-  p^<^J^°*- 
ity  greater  than  300  second  feet,  17  miles  with  capacity  less 
than  300  second  feet  and  greater  than  50  second  feet,  and 
88  miles  with  capacity  less  than  50  second  feet.  With 
a  duty  of  water  of  two  acre  feet  per  annum,  276,000  acres 
of  land  are  to  be  irrigated.  The  principal  products  will  be 
hay,  grain,  and  vegetables. 

The  Truckee  project  of  Nevada  and  California  uses  as 
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its  natural  reservoir  superb  Lake  Tahoe,  having  an  area  of 
125,000  acres.  Canals  are  to  be  constructed  as  follows: 
104  miles  with  capacity  greater  than  300  second  feet;  79 
miles  with  capacity  less  than  300  and  greater  than  50  second 
feet ;  487  miles  with  capacity  less  than  50  second  feet,  —  making 
a  total  of  670  miles.  With  the  duty  of  water  of  three  acre 
feet  per  annum  at  the  farms,  206,000  acres  are  to  be  irrigated. 
The  principal  products  are  alfalfa,  grain,  potatoes,  and 
onions. 

The  Rio  Grande  project  of  New  Mexico  and  Texas  is  to 
have  a  reservoir  with  an  area  of  40,000  acres,  with  a  dam  265 
feet  high,  and  a  capacity  of  2,538,000  acre  feet.  This  will  be 
the  greatest  capacity  of  any  reservoir  in  the  world.  With  the 
duty  of  water  of  two  and  one  half  acre  feet  per  annum, 
180,000  acres  of  land  are  to  be  irrigated. 

The  cost  of  the  thirty  projects,  now  either  finished  or  in 
process  of  construction,  is  estimated  at  $119,555,000.  The 
estimated  value  of  the  land  without  improvements  when  irri- 
gated is  $239,435,600.  Since  the  land  has  comparatively  little 
value  without  irrigation,  this  represents  a  profit  to  the  farmers 
who  get  the  land  of  not  less  than  $100,000,000.  This  takee 
no  account  of  the  vastly  greater  profits  to  the  nation  to  be  de- 
rived from  the  products  of  more  than  3,000,000  acres  of  land 
which  otherwise  would  give  a  very  small  return.  If  these 
profits  be  figured  at  the  very  conservative  amount  of  $25  per 
acre  per  annum,  it  would  amount  to  $75,000,000  per  annum. 

In  order  that  the  projects  imder  construction  may  be  car- 
ried to  completion  as  soon  as  possible.  President  Taft  has 
reconmiended  to  Congress  that  authority  be  given  to  issue 
not  to  exceed  $30,000,000  of  bonds,  the  proceeds  to  be  applied 
to  the  completion  of  these  projects,  and  to  be  repaid  from 
the  reclamation  fund.  The  bonds  are  to  run  for  ten  years,  and 
it  is  estimated  that  the  income  from  the  completed  enterprises 
will  retire  the  bonds  within  the  time  specified. 

The  cost  of  any  given  project  is  assessed  against  the  land 
benefited,  and  it  is  to  be  paid  for  in  ten  years.  Thus  the 
$45,750,000  invested  by  the  United  States  government  will 
be  returned  to  the  reclamation  service,  to  be  again  used  in  the 
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further  development  of  irrigation  projects.  Also,  the  fund  is 
being  continuously  increased  by  the  sale  of  public  lands. 
Therefore  we  may  expect  in  the  not  distant  future  that  if  this 
wise  reclamation  law  remains  unchanged,  the  irrigable  land  of 
the  West  will  be  reclaimed.  So  far  as  the  development  of  our 
resources  is  concerned,  the  reclamation  act  is  one  of  the 
greatest  which  Congress  has  enacted  or  is  likely  to  enact. 

Reclamation  work  by  the  government  was  first  strongly  Major 
advocated  by  Major  J.  W.  Powell,  the  one-armed  soldier,  who  ^^J®^ 
in  1869,  first  among  men,  went  down  the  canon  of  the  Colo-  irrigation, 
rado.     His  studies  of  the  arid  region,  begun  that  year,  con- 
tinued through  the  following  years.    Ten  years  later,  in  1879, 
appeared  his  report  on  the  lands  of  the  arid  region  of  the  United 
States. 

This  report  contains  the  first  comprehensive  account  of  this 
region.  Major  Powell  clearly  saw  that  the  lands  of  the  arid 
region  should  be  divided  into  three  classes,  irrigable  lands, 
pasture  lands,  and  forests.  He  advocated  that  special  laws 
should  be  formulated,  adapted  to  each  of  these  classes.  Al- 
most every  fundamental  point  now  understood  with  reference 
to  the  character  of  these  lands  was  appreciated  by  him, 
with  the  exception  that  dry  farming  was  not  then  known. 
After  Major  Powell's  report  on  the  arid  lands  was  published, 
another  decade  of  advocacy  by  him  for  reclamation  was  re- 
quired, before  in  1888,  1890,  and  1891  acts  were  passed  by 
Congress  making  appropriations  for  an  irrigation  survey,  and 
authorizing  the  withdrawal  from  private  entry  of  reservoir 
sites  selected  by  the  Geological  Survey  for  water  storage. 

From  the  irrigation  survey  of  1888  resulted  the  reclamation 
act  of  1902.  To  Major  Powell  is  due  the  credit  of  being  a  great 
pioneer  in  this  movement  of  such  immeasurable  importance  to 
the  nation.  I  well  remember  a  conversation  with  Major  Powell 
fully  twenty  years  ago;  he  then  in  substance  said:  "The 
people  of  the  West  think  it  possible  to  irrigate  a  large  part 
of  the  arid  land  (or  as  they  prefer  to  call  it,  the  semi- 
humid  land),  but  I  believe  that  probably  not  more  than  one 
tenth  can  be  irrigated."  This  broad  judgment,  made  without 
accurate  computations,  but  with  comprehensive  knowledge 
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of  the  region,  has  been  completely  confirmed  by  recent  accurate 
studies. 

LOSSES  DUE  TO  CARELESS  USE  OF  WATER 

Since  at  best  it  is  possible  to  reclaim  only  a  fraction  of  the 
arid  region,  it  is  important  that  the  highest  efficiency  of  the 
water  shall  be  secured.    At  the  present  time  there  are  great 
losses  in  the  water  due  to  the  following  causes:  — 
Loss  by  1 .  Many  of  the  contracts  for  irrigation  are  based  upon  the 

reckless  use.  number  of  acres  to  be  irrigated  rather  than  upon  the  amount 
of  water.  The  contracts  say  a  sufficient  amount  of  water  shall 
be  furnished  to  irrigate  a  certain  tract.  Under  these  circum- 
stances there  is  no  stimulus  to  economy.  The  farmer  uses 
water  freely,  recklessly,  as  his  fancy  dictates,  without  any 
reference  to  anything  but  the  crop  of  that  year.  If,  however, 
the  charge  was,  in  all  cases,  upon  the  basis  of  the  amount  of 
water  used,  this  resource,  like  any  other  valuable  commodity, 
would  be  used  economically. 
Loss  due  2.  There  is  great  loss  of  water  under  the  law  of  prior  ap- 

to  law  of  propriation.  The  law  says  that  the  prior  appropriator  may 
priation.  take  a  sufficient  amount  of  water  to  irrigate  the  area  upon 
which  he  filed  and  applied  water.  Again  there  rises  exactly 
the  same  situation  as  in  the  case  of  a  contract  T^ith  a  company. 
The  man  uses  water  freely,  often  more  than  necessary,  and 
without  reference  to  the  needs  of  later  appropriators. 
Loss  due  3.  There  are  great  losses  because  of  imperfect  application 

IppikaW*  of  the  water.  Fields  are  poorly  prepared,  so  that  the  water 
does  not  spread  over  them  uniformly,  and  more  water  is  used 
than  is  really  required.  This  waste  will  be  corrected  in  large 
measure  as  soon  as  the  payment  for  water  is  upon  the  basis  of 
the  amount  used;  for  then  there  will  be  an  incentive  to  pre- 
pare the  fields  properly  and  so  use  the  water  economically. 
Loss  by  4.  There  is  large  loss  of  water  in  many  cases  by  seepage 

through  the  canals.  Many  of  the  canals  are  cuts  in  open,  po- 
rous soil.  The  soil  in  the  West  is  not  conmionly  of  the  clayey 
kind  which  can  be  puddled  and  made  practically  impervious. 
The  seepage  under  those  circumstances  is  very  great  in  the 
canals.    This  loss  can  be  remedied  by  the  construction  of 
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cement  canals,  but  such  construction  is  very  expensive  and 
can  only  be  possible  where  the  water  is  very  valuable. 

Fortier  says  that  in  different  cases  the  loss  of  water  in  irri-  Estimate  of 
gation  varies  from  10  per  cent  to  33i  per  cent,  and  he  thinks  *°*^^  ^°^' 
the  probable  loss  upon  an  average  at  the  present  time  is  25  per 
cent.  If  this  figure  be  correct,  and  it  were  practicable  to  elimi- 
nate this  loss,  the  13,000,000  acres  at  present  irrigated  could 
be  augmented  by  3,250,000  acres.  If  the  value  of  the  land 
were  thereby  made  $100  per  acre,  there  would  be  an  increase 
of  wealth  of  $300,000,000,  without  considering  the  products 
raised  by  the  enlarged  acreage. 

But  the  waste  of  water  is  not  the  only  or  principal  loss 
resulting  from  careless  use.  The  water  from  leaky  canals 
and  from  seepage  dissolves  the  alkalies,  carries  them  to  the 
lower  ground,  where,  rising  to  the  surface  by  capillarity,  the 
water  is  evaporated  and  the  salts  in  solution  deposited. 
Also,  excessive  seepage  renders  the  land  swampy.  Many 
thousands  of  acres  of  good  land  have  been  thus  destroyed. 
These  results  are  illustrated  in  the  Yakima  Valley  of 
Washington  by  extensive  alkali  marsh  flats,  —  lands  originally 
desert,  then  made  valuable  farms,  and  now  ruined. 


IRRIGATION   IN   SUBHUMID   REGIONS 

Between  the  humid  region  and  the  arid  region,  there  is  a 
great  semiarid  or  subhumid  region,  call  it  which  you  will, 
running  from  approximately  the  98th  or  100th  meridian  to 
the  103d  or  105th  meridian.  This  area,  roughly  about  one 
fifth  of  the  United  States,  600,000  square  miles,  or  384,000,000 
acres,  lies  mainly  in  the  states  of  North  Dakota,  South  Da- 
kota, Nebraska,  Kansas,  Oklahoma,  and  Texas.  This  is  the 
eastern  part  of  the  great  plains,  which  forty  years  ago  used  to 
be  called,  on  the  schoolroom  maps,  the  great  American  desert. 
This  is  the  debatable  ground.  In  years  of  abundant  rainfall 
there  is  enough  water  to  raise  a  crop.  In  dry  years  there  may 
not  be  enough  rainfall  to  raise  a  crop  satisfactorily,  although 
dry  farming  has  improved  the  conditions  very  much.  In  this 
region,  from  1876  to  1885,  the  precipitation  was  much  above 


200    CONSERVATION   OF  NATURAL  RESOURCES 

normal.  During  these  years  the  people  drifted  out  into  this 
area,  and  there  were  times  of  prosperity.  Following  these 
years  were  several  dry  years,  1886  to  1901,  during  which  the 
precipitation  was  below  normal.  For  extensive  areas,  when 
the  seed  was  put  into  the  ground,  the  wheat  or  com  would 
start  to  grow  and  then  would  come  the  drought  with  the  hot 
winds,  and  the  crops  would  wither.  One  of  the  greatest  trage- 
dies of  the  western  movement  of  our  people  came  at  that  time. 
Many  thousands  of  people  who  had  drifted  out  into  this  area, 
taking  with  them  all  that  they  had,  came  back  with  nothing, 
gaunt  and  discouraged.  With  1902  again  began  a  period 
of  more  than  ordinarily  humid  years,  and  again  the  people 
have  settled  this  area.  They  have  had  several  years  of  pros- 
perity. But  the  dry  years  are  sure  to  come  again,  probably 
not  with  such  disastrous  consequences  as  the  dry  period  of 
1886  to  1901,  for  there  has  been  considerable  accumulations  of 
property  and  dry  farming  have  been  discovered.  By  this  prac- 
tice in  western  Kansas,  Nebraska,  and  the  Dakotas  a  crop 
can  be  raised  under  cx)nditions  of  such  scanty  rainfall  as  for- 
merly would  have  resulted  in  complete  failure. 
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IRRIQATION   IN  HUMID  REGIONS 

The  eastern  humid  region  comprises  two  fifths  of  the 
United  States,  or  roughly  an  area  of  1,200,000  square  miles, 
or  768,000,000  acres.  While  irrigation  has  not  been  generally 
practiced  in  this  region,  there  is  no  doubt  that  it  will  be  there 
greatly  extended  in  the  future.  In  regions  in  which  the  aver- 
age precipitation  is  more  than  twenty  inches,  regions  in  which 
if  that  amount  of  water  fell  each  year  and  was  favorably  dis- 
tributed it  would  be  ample  to  raise  a  crop,  irrigation  is  often 
advisable.  Frequently  the  water  is  very  unequally  distributed 
during  the  year.  Where  the  average  precipitation  is  thirty 
inches  or  more,  in  exceptional  years  the  precipitation  may  fall 
far  below  this  amount,  may  in  some  cases  not  exceed  more 
than  one  half  of  the  normal  fall.  Indeed,  there  is  scarcely  a 
year  in  most  of  the  areas  of  the  United  States  in  which  some 
crop  at  some  season  does  not  suffer  from  lack  of  rain.    Con- 
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sequently,  irrigation  in  humid  regions  is  an  advisable  supple- 
ment to  precipitation;  it  may  be  regarded  as  a  form  of  in- 
surance of  success.  As  the  population  increases  and  as  the 
need  for  food  grows,  there  will  be  great  extensions  of  irrigation 
in  humid  regions.  If  in  arid  regions,  where  water  is  perfectly 
controlled,  it  is  possible  to  produce  much  more  prolific  crops 
than  in  humid  regions  under  normal  conditions,  why  not  in 
humid  regions  add  water  to  the  land  when  it  is  deficient,  and  so 
make  the  crops  in  such  regions  as  nearly  as  possible  match 
those  in  the  irrigated  western  areas?  In  some  cases,  for  in- 
tensive crops,  such  as  truck  and  fruits,  which  should  perhaps 
return  $200  or  $300  per  acre,  or  more,  in  a  dry  season,  may 
return  no  more  than  $100  an  acre.  Also,  for  ordinary  crops  in 
dry  seasons  the  yield  will  be  much  increased  by  irrigation. 

Already  these  facts  have  begun  to  be  recognized  in  some 
regions  with  reference  to  some  crops.  In  New  England,  at 
the  present  time,  orchards  are  being  irrigated  somewhat  exten- 
sively. In  the  truck  farms  which  extend  from  New  Jersey  to 
Georgia  irrigation  is  practiced  at  various  points,  but  usually 
in  a  small  way.  In  the  Gulf  country  of  Louisiana  and  Texas, 
especially  on  the  rice  fields,  irrigation  is  practiced.  In  m.ost 
cases  the  water  for  irrigation  is  derived  from  small  streams, 
springs,  or  wells.  One  reason  for  this  is  the  difficulty  with 
riparian  rights  which  long  hampered  irrigation  in  the  West, 
and  which  have  there  been  disposed  of  or  greatly  modified 
(see  pp.  202-204). 

In  the  Upper  Mississippi  Valley,  the  great  garden  of  the 
world,  where  the  conditions  of  precipitation  and  fertility  are 
unsurpassed,  as  yet  little  has  been  done  in  the  way  of  irrigation; 
but  doubtless  the  development  which  has  been  begun  in  the 
East  will  extend  to  this  region. 

The  crops  to  which  irrigation  has  been  applied  in  the  humid 
regions,  to  the  present  time,  are  mainly  the  intensive  kinds; 
such  as  fruit,  including  cranberries,  apples,  peaches,  berries, 
etc. ;  and  truck,  including  celery,  asparagus,  onions,  beets,  etc. 
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IRRIGATION   LAWS 

The  facts  given  naturally  lead  to  a  brief  consideration  of  ir- 
rigation laws.  It  is  clear  that  the  laws  controlling  water  in  the 
regions  where  irrigation  is  required,  must  be  different  from  those 
in  humid  regions.  The  common  law  coming  over  from  Eng- 
land to  this  country  is  adapted  to  the  eastern  humid  part.  It 
is  the  standard  law  of  the  humid  regions  that  water  must  not 
be  permanently  diverted  from  its  bed.  In  an  area  requiring 
irrigation  the  one  thing  that  must  be  done  is  to  divert  the 
water  from  the  natural  channels.  A  part  of  it  may  by  seepage 
go  back  again,  but  the  remainder  is  used  up  by  evaporation 
and  by  the  transpiration  of  the  crop.  Therefore  the  com- 
mon law  principles  controlling  water,  built  up  in  humid  Eng- 
land upon  the  common  needs  of  the  people  living  there, 
were  found  wholly  unadapted  to  the  conditions  in  the  West, 
where  the  common  needs  of  the  people  are  widely  different. 
Had  England  been  an  arid  country  instead  of  a  humid  one, 
it  is  safe  to  say  that  the  common  law  there  developed  would 
have  followed  the  needs  of  an  arid  region.  It  is  absurd  to 
attempt  to  apply  the  water  law  of  a  humid  region  to  an 
arid  one. 

Therefore  it  has  been  necessary,  by  legislative  enactments,  to 
make  new  laws,  or  by  judicial  decisions  to  put  new  interpre- 
tations on  old  laws.  Truly,  the  latter  has  been  putting  new 
wine  into  old  wine  skins;  but  law  fiction  under  judicial  rulings 
has  sometimes  been  found  equal  to  the  task.  The  common 
law,  which  should  truly  represent  the  needs  of  a  people,  has 
been  so  interpreted  that  it  is  now  recognized  in  the  western 
states  that  the  water  can  be  diverted  from  its  bed.  In  order 
to  accompUsh  this,  the  privileges  of  the  riparian  owners  have 
been  greatly  curtailed. 

The  fundamental  law  in  reference  to  water  which  has  grown 
up  in  the  West  is  this :  The  first  in  time  is  the  first  in  right ; 
that  is  to  say,  he  who  first  files  on  water  for  a  definite  bene- 
ficial purpose  and  uses  it  for  that  purjxjse  has  the  first  right  to 
it.  No  man  may  later  go  above  him  and  divert  that  water 
and  so  make  the  property  of  the  prior  appropriator  valueless. 
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This  law  is  modified  by  the  condition  that  the  use  shall 
be  continued.  In  order  to  retain  the  right  of  appropriation, 
it  must  be  continuously  exercised,  or  exercised  at  reasonable 
intervals. 

The  principle  of  the  prior  appropriator  of  water  has  been 
upheld  by  the  United  States  Courts  as  between  the  states.  If, 
for  instance,  water  is  first  appropriated  by  Kansas  on  a  stream 
which  heads  in  Colorado,  then  the  people  in  the  state  of 
Colorado  must  allow  a  sufficient  amount  of  water  to  go  by 
to  meet  the  needs  of  the  prior  appropriators  in  the  state  of 
Kansas. 

Says  the  Supreme  Court  in  reference  to  the  claims  of  Kan- 
sas: ''It  is  obvious  that  if  the  depletion  of  the  waters  of  the 
river  by  Colorado  continues  to  increase,  there  will  come  a 
time  when  Kansas  may  justly  claim  that  there  is  no  longer 
an  equitable  division  of  benefits,  and  may  rightfully  call  for 
relief  against  the  action  of  Colorado,  its  corporations  and 
citizens,  in  appropriating  the  waters  of  the  Arkansas  for  irriga- 
tion purposes."  ^ 

It  has  been  mdicated  already  that  the  law  of  riparian  rights  Abandon- 
as  in  force  in  the  East  required  modification  to  meet  the  ^^'^^oHaw 

^  of  riparian 

western  conditions.  In  many  of  these  states  riparian  rights  rights.  * 
have  been  practically  obliterated  or  limited  by  beneficial 
use,  and  in  some  states  altogether  ignored.  For  instance, 
in  the  state  of  Nevada  the  principle  of  riparian  rights 
was  first  accepted  by  the  Supreme  Court,  but  finally  in 
1885,  after  a  review  of  the  entire  situation,  the  court  of  that 
state  decided  that  the  doctrine  of  riparian  rights  "was  en- 
tirely unsuited  to  the  conditions  existing  in  that  state,  and 
therefore  never  was  and  never  could  be  the  law  for  that 
jurisdiction."  ^  Similarly,  the  Supreme  Court  of  Oregon  re- 
cently decided  that  this  doctrine  was  not  applicable  to  that 
state.^ 

^  "Conservation  of  our  Natural  Resources  and  of  our  National  Strength 
and  Virility,"  by  A.  A.  Bruce,  Pennsylvania  Law  Review,  December,  1909, 
p.  154. 

2  "  Reclamation  of  Lands  by  Irrigation,"  by  Morris  Bien,  An.  Am.  Ac.  of 
Pol.  and  Soc.  Sci.,  Vol.  XXXIII,  No.  3,  p,  673. 

^  Loc.  cit.,  p.  674. 
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Modifica-  In  other  states,  where  riparian  rights  have  been  recognized 

of'riparian     ^^  ^^®  courts,  the  same  principle  has  been  applied  to  them  as 
rights.  is  applied  in  the  case  of  the  diversion  of  water;  that  is  to  say, 

the  riparian  rights  extend  only  to  the  degree  of  beneficial  use. 
If  a  riparian  owner  has  had  water  sufficient  to  serve  a  thousand 
cattle,  a  suflBcient  amount  of  water  must  be  allowed  the  ri- 
parian to  meet  the  use.  But  the  principle  that  the  riparian 
owner  shall  have  the  use,  at  any  time  in  the  future,  of  all 
the  water  which  origmally  flowed  in  the  bed  of  the  stream,  as 
has  been  held  in  the  humid  region,  has  been  wholly  abandoned 
in  the  West,  partly  by  statute,  partly  by  judicial  decision. 
Public  sentiment  demanded  of  the  courts  that  the  laws  be  in- 
terpreted to  meet  the  needs  of  the  people  rather  than  by  main- 
taining rigidly  the  principles  developed  in  other  countries  and 
not  adapted  to  their  needs.  This  question,  which  has  been 
fought  out  in  the  West,  will  be  sure  to  be  raised  in  the  East  with 
reference  to  water  for  irrigation;  and  can  we  doubt  that  law 
and  judicial  decision  will  finally  modify  the  rights  of  the  ri- 
parian owner,  so  as  to  give  the  greatest  good  to  the  greatest 
number?  But  where  the  riparian  rights  have  been  long  recog- 
nized, as  they  have  in  the  East,  and  the  public  needs  require 
their  modification  or  extinguishment,  this  should  be  done  by 
due  process  of  law  with  just  compensation. 

That  this  is  possible  is  clearly  indicated  by  the  pronounce- 
ment of  the  United  States  Supreme  Court  as  follows:  "Few 
public  interests  are  more  obvious,  indisputable,  and  inde- 
pendent of  particular  theory  than  the  interest  of  the  public 
of  a  state  to  maintain  the  rivers  that  are  wholly  within  it 
substantially  undiminished,  except  by  such  drafts  upon  them 
as  the  guardian  of  the  public  welfare  may  permit,  for  the 
purpose  of  turning  them  to  a  more  perfect  use.  This  public 
interest  is  omnipresent  wherever  there  is  a  state,  and  grows 
more  pressing  as  the  population  grows.  It  is  fundamental, 
and  we  are  of  the  opinion  that  the  private  property  of  riparian 
proprietors  cannot  be  supposed  to  have  deeper  roots."  * 

*  **  ConservatioD  of  our  Natural  Resources  and  of  our  National  Strength 
and  Virility,"  by  A.  A.  Bruce,  Pennsylvania  Law  Review,  December,  1909, 
p.  155. 
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In  order  that  the  law  of  prior  appropriation  shall  give  Pro- 
satisfactory  results,  great  care  is  required  in  its  execution.  ^^^^^°^ 
We  have  already  seen  that  the  defect  in  this  law  is  that  the 
prior  appropriator  may  divert  more  water  than  is  necessary, 
may  use  the  water  carelessly;  therefore  it  is  necessary  to 
control  the  general  principle  by  careful  legislation.  The 
great  difficulties  in  reference  to  the  recognition  of  prior  ap- 
propriation have  led  in  some  states  to  prorating  of  waters 
by  groups.  For  instance,  it  does  not  seem  just  that  a  man 
who  has  appropriated  water  on  one  day  shall  have  all  that  he 
needs,  and  even  an  excessive  amount,  for  the  tract  of  land 
which  he  wishes  to  irrigate,  and  the  man  who  comes  along 
the  next  day  shall  have  no  water.  This  condition  of  affairs 
has  led  in  certain  states  to  classifications  of  appropriations. 
The  state  of  Utah  has  been  mentioned  as  one  in  which  irri- 
gation wa's  first  extensively  practiced.  In  that  state  there 
has  been  full  recognition  of  all  appropriations  prior  to  1870. 
The  appropriations  between  1870  and  1880  are  made  a 
second  lien  and  those  since  1880  a  third  lien. 

In  some  states,  however,  and  under  some  conditions,  the 
law  has  developed  even  farther  than  this;  that  is,  the  ques- 
tion has  been  taken  up  broadly  as  to  what  use  of  the 
water  will  really  best  serve  the  greatest  number,  and  the 
water  has  been  apportioned  among  the  users.  This  principle 
cannot  be  extended  too  far,  since  the  amount  of  land  which 
is  irrigable  is  far  beyond  the  amount  which  can  be  adequately 
supplied  with  the  water. 

State  control  has  led  usually  to  satisfactory  results.  One  of  state 
the  best  examples  is  Wyoming.  In  that  state  the  right  to  ^^^^g^Jji^ 
use  the  water  can  only  be  obtained  by  application  regularly 
made  to  the  state  engineer,  who  ascertains  whether  there  is 
unappropriated  water.  If  there  is  no  unappropriated  water, 
the  rights  of  the  applicant  are  not  recognized;  if  there  is 
unappropriated  water,  his  rights  are  recognized.  The  water 
in  a  given  district  is  then  prorated  among  those  who  are 
recognized  as  having  water  rights. 

In  the  past  there  have  been  great  abuses  in  reference  to 
the  development  of  waters,  especially  by  ditch  companies. 
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Abuses  of      In  many  instances  a  ditch  company  has  agreed  to  furnish 
^^^  water  for  a  much  larger  acreage  than  practicable  by  their 

water  rights.  In  such  cases,  and  especially  in  years  where 
the  rainfall  is  below  the  normal,  the  result  has  been  that 
farmers  who  have  bought  land  with  the  condition  that 
water  was  to  be  furnished,  have  been  unable  to  secure  the 
water.  Great  wrong  has  been  done  in  thousands  of  cases 
in  this  way.  Such  cases  make  it  clear  that  state  regulation 
is  necessary.  Ebcactly  as  no  individual  should  be  allowed 
to  file  a  water  claim  if  there  is  no  unappropriated  water, 
similarly  a  ditch  company  should  be  obUged  to  confine  itself 
in  its  obligations  to  the  area  which  the  water  controlled  by 
the  company  can  feed;  and  that  determination  should  be 
made  by  an  uninterested  party,  —  a  representative  of  the 
state. 

In  conclusion,  with  reference  to  the  state  laws,  we  see 
that  they  should  provide  against  waste  of  water;  they 
should  provide  for  the  sale  on  the  baas  of  the  amount  fur- 
nished rather  than  the  area  irrigated;  they  should  provide 
for  the  control  of  appropriation. 
Water  the  The  westem  states,  probably  better  than  any  other 
Se'^to^'  region,  illustrate  the  fundamental  principle  which  has  been 
recognized  in  common  law,  that  the  water  is  not  the  prop)erty 
of  the  individual,  but  is  a  part  of  the  common  property  of 
the  people.  The  land  may  be  owned;  ditches  and  flumes 
may  be  controlled  by  private  parties;  but  the  water  itself 
in  the  streams  and  ditches,  the  corpus,  is  originally  the 
property  of  the  state,  and  only  passes  from  the  state  to  indi- 
viduals as  laws  and  customs  permit  that  passage.  This 
principle  is  clearly  recognized  in  the  judicial  decisions.  It  is 
understood  perfectly  of  the  public  domain  of  the  West  that 
the  water  belongs  to  the  national  government;  and,  there- 
fore, that  originally  a  man  who  was  a  riparian  owner  had 
no  possession  of  the  water,  merely  its  use  for  certain  pur- 
poses. The  question,  of  course,  in  any  state  is,  how  far  that 
conmiodity  which  was  originally  the  property  of  the  [>eople 
as  a  whole  has  passed  into  private  hands,  —  the  extent  to 
which  this  right  has  been  given  up;   and  here  is  abundant 
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ground  for  difference  of  opinion.    The  situation  is  different 
in  different  states,  and  different  solutions  of  the  problem 
will  be  reached,  each  more  or  less  well  adapted  to  the  con- 
ditions of  a  particular  state. 
'  At  the  outset  of  this  course  of  lectures  I  called  attention  New  con- 

I;  to  the  fact  that  when  there  are  new  conditions,  it  may  be  ^^*^°^^. 

t  J  J  result  in 

^  that  rights  of  the  public,  long  unasserted,  may  be  asserted,  new  laws. 

When  it  is  supposed  that  there  is  an  illimitable  supply  of  a 
commodity,  then  we  do  not  especially  stress  the  pubhc 
rights.  AVhen,  however,  because  of  the  growth  of  the  popu- 
lation and  increasing  demands,  there  is  necessity  for  more 
of  a  particular  resource  than  can  be  furnished  under  the 
changed  conditions,  we  begin  to  ask  the  question,  how  far 
has  the  public  a  right  in  this  commodity?  And  it  is  clear, 
under  such  circumstances,  that  the  government  and  the 
state  will  assert  all  of  the  rights  which  they  have  not  regu- 
larly allowed  to  pass  from  them;  and  properly  so.  This 
statement  is  no  forfeiture  of  the  recognition  of  the  rights 
which  have  actually  been  transferred  to  individuals  or  cor- 
porations. So  far  as  this  is  the  case,  and  they  are  again 
necessary  to  the  public  under  the  new  conditions,  they 
should  be  legally  expropriated  by  condemnation  with  just 
compensation. 


PART  III 

FORESTS » 

THE  United  States  originally  had  a  forest  which  for 
extent  and  value  was  not  equaled  by  that  of  any  other 
civilized  nation;  indeed,  it  is*  doubtful  if  anywhere  else  in 
the  world  in  an  area  of  3,000,000  square  miles  was  contained 
a  forest  so  valuable  for  all  purposes.  The  United  States, 
located  in  the  temperate  region,  includes  the  great  area  most 
favorable  to  coniferous  growth;  and  therefore  contained 
vast  quantities  of  soft  wood,  timber  which  for  constructional 
purposes  has  exceptional  value. 

THE  ORIGINAL  FORESTS 

The  original  forests  of  the  United  States  are  classified  in 
five  great  divisions:* 

First,  there  was  the  great  northern  forest.  It  in- 
cluded New  England  with  the  exception  of  Connecticut 
and  Rhode  Island;  the  larger  part  of  New  York  and 
Pennsylvania;  an  extension  from  Pennsylvania  along  the 
Appalachian  Ridge  to  northern  Georgia;  and  more  than 
one  half  of  Michigan,  Wisconsin,  and  Minnesota.  This 
forest  was  the  home  of  the  white  pine;  with  it  were  red  pine, 
spruce,  hemlock,  cedar,  balsam,  fir,  birch,  black  cherry, 
sugar  maple,  and  other  hard  woods.  It  is  estimated  that  this 
forest  contained  originally  150,000,000  acres,  with  not  less 
than  1,000,000,000,000  feet  of  board  measure'  of  merchant- 
able saw  timber. 

1  The  informatioD  concerning  forests  ia  mainly  from  the  Report  of  the 
National  Conservation  Commission,  Vol.  II,  pp.  179-686. 

'  U.  S.  Dept.  of  Agriculture,  Forest  Service,  Circular  166,  by  R.  8.  Kellogg. 

'  A  foot  board  measure  is  a  piece  of  wood  one  foot  sqiiare  and  one  inch 
thick. 
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Second,  the  great  central  forest  lies  between  the  northern 
and  southern  forests,  into  which  it  merges  on  either  side. 
It  was  the  great  hardwood  forest;  it  contained  walnut,  oak, 
elm,  hickory,  cottonwood,  maple,  basswood,  chestnut,  syca- 
more, red  gum,  and  ash.  The  central  forest  contained  about 
280,000,000  acres,  and  the  merchantable  saw  timber  is  esti- 
mated at  1,400,000,000  feet  board  measure. 

Third,  the  great  southern  forest  extends  from  south- 
ern New  Jersey  along  the  coast  nearly  to  Mexico;  it 
includes  large  parts  of  Delaware,  Maryland,  Virginia,  the 
Carolinas,  Georgia,  Alabama,  Mississippi,  and  Texas,  all  of 
Florida  and  Louisiana,  and  parts  of  Arkansas,  Oklahoma,  and 
Missouri.  This  was  a  great  coniferous  forest,  yellow  pine 
predominating;  with  the  pine  were  cj^ress,  gum,  magnolia, 
yellow  poplar,  oaks,  and  other  varieties  of  hardwood.  This 
forest  contained  something  like  220,000,000  acres,  with  not 
less  than  1,000,000,000,000  feet  of  board  measure  of  mer- 
chantable timber. 

Fourth,  the  Rocky  Mountain  forest  was  chiefly  coniferous. 
Yellow  pine  was  the  most  important  species;  lodge  pole 
pine,  larch,  spruce,  Douglas  fir,  western  red  cedar,  and  other 
soft  woods  were  abundant.  This  forest  contained  not  less 
than  110,000,000  acres,  with  400,000,000,000  feet  board 
measure  of  saw  timber. 

Fifth,  the  Pacific  forest  of  Washington,  Oregon,  and 
California  was  almost  exclusively  coniferous.  It  consisted 
of  western  Douglas  fir,  yellow  pine,  redwood,  western  red 
cedar,  sugar  pine,  and  other  firs  and  spruces.  This  forest 
had  90,000,000  acres,  and  contained  not  less  than 
1,400,000,000,000  feet  board  measure  of  saw  timber. 

I  do  not  know  how  many  of  you  have  seen  the  great  forests 
of  the  coast  ranges  of  California  and  the  Sierra  Nevada. 
Those  who  have  not,  have  a  great  pleasure  before  them.  We 
who  live  in  the  central  or  eastern  part  of  the  country,  even 
in  the  areas  where  the  forests  are  fine,  can  gain  no  concep- 
tion of  the  magnitude  of  the  trees  in  those  areas,  or  the 
density  of  the  forests.  The  Douglas  fir,  the  redwoods,  the 
sugar  pine,  have  diameters  from  six  to  fifteen  feet,  and  ex- 
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ceptionally  even  more.  They  range  in  height  from  150  to 
300  feet,  or  even  in  exceptional  cases  to  350  feet.  It  is  in- 
deed most  impressive,  in  the  open  forest  in  the  Sierras,  to 
wander  about  among  those  giant  trunks  and  look  up  to  the 
great  tops  which  seem  almost  to  be  a  part  of  the  sky. 

The  original  forests  of  the  United  States  contained  not 
less  than  850,000,000  acres,  having  not  less  than  4,800,000,- 
000,000  feet  of  merchantable  saw  timber.  In  addition,  in 
the  United  States  were  probably  about  150,000,000  acres  of 
scrubby  forest  and  brush  land  not  containing  merchantable 
timber,  making  altogether  approximately  1,000,000,000  acres 
once  forest-covered. 

This  was  our  magnificent  original  heritage.  The  United 
States  as  a  nation  has  existed  a  century  and  a  quarter,  and 
what  have  we  now?  In  that  brief  time  approximately  one 
half  of  the  value  of  our  forests  has  gone.  In  the  northern 
forest  there  are  some  90,000,000  acres,  or  60  per  cent  of  the 
original  area;  in  the  central  forest  130,000,000  acres,  or 
46  per  cent;  in  the  southern  forest  150,000,000,  or  68  per 
cent;  in  the  Rocky  Mountain  forest  100,000,000  acres,  or 
91  per  cent;  and  in  the  Pacific  forest  80,000,000  acres,  or 
89  per  cent.  Thus  the  forests  still  cover  some  550,000,000 
acres,  or  one  fourth  of  the  United  States. 

THE  EXISTING  FORESTS 

While  these  figures  show  about  65  per  cent  of  the  original 
forest  still  standing,  since  the  best  timber  has  been  cut,  and 
the  existing  forests  have  been  damaged  by  fij-es  and  in  other 
ways  over  extensive  areas,  it  is  certain  that  we  do  not  have 
more  than  one  half  of  the  merchantable  saw  timber  originally 
possessed  by  the  United  States.  Of  this  remaining  forest, 
which  still  is  vast  compared  with  the  wood  property  of  most 
other  nations,  about  one  fifth  is  owned  publicly,  and  four 
filths  is  in  private  hands. 
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THE  PRIVATE  FORESTS 

The  privately  owned  forests  fall  into  two  classes,  the 
small  and  the  large.  The  small  holdings  are  for  the  most 
part  the  farmers'  wood  lots.  These  wood  lots  have  been 
culled  so  that  the  lumber  upon  them  is  not  so  valuable  upon 
the  average  as  it  was  originally,  but  still  it  is  estimated  to 
contain  some  300,000,000,000  feet  of  board  meas\u«  of  saw 
timber  and  about  1,500,000,000  cords  of  wood.  These 
wood  lots  cover  in  the  neighborhood  of  200,000,000  acres, 
or  95  per  cent  of  the  forests  east  of  the  great  plains.  The 
large  holdings,  corporate  and  individual,  are  estimated  to 
contain  1,700,000,000,000  feet  of  saw  timber.  Since  the 
corporations  have  very  naturally  taken  the  best  timber 
available,  this  privately  held  timber  is  by  far  the  most  valu- 
able of  the  wood  resources  in  the  United  States. 

THE  PUBLIC  FORESTS 

The  hi«toiy       The  public  holdings  *  of  timber  are  fortunately  still  large. 

?ore8t  *  ^^  ^^^y  reservations  by  the  United  States  government  were 
for  military  purposes  and  for  national  parks.  Under  Har- 
rison's administration  began  the  withdrawal  of  the  timber 
lands  of  the  West  as  forest  reserves,  later  to  be 
called  national  forests.  The  origin  of  the  movement  which 
resulted  in  the  national  forest  may  be  traced  back  to  a  paper 
read  before  the  American  Association  for  the  Advancement 
of  Science  at  Portland  in  1873,  by  Franklin  B.  Hough.  This 
paper  showed  a  remarkable  appreciation  of  the  evils  which 
have  come  to  other  countries  as  the  result  of  the  removal  of 
the  forests,  and  especially  the  removal  of  the  forests  in  the 
mountainous  regions.  Hough  pointed  out  the  great  advantage 
to  the  nation  of  withholding  from  sale  the  forest  lands  of  the 
West,  especially  those  in  wild  unbroken  regions.  He  fully 
appreciated   the   influence   of   the   forests   in   maintaining  a 

»  "The  Public  Holdings  of  Timber."  "Standin«  Timber  in  Poosenion  of 
the  Government,"  G.  M.  Homans.  "Standing  Timber  Owned  by  the 
States"  I.  Girvin  Peters,  N.  C.  C.,  Vol.  II,  pp.  191-196. 
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uniform  flow  of  streams,  but  indicates  that  to  give  such 
uniformity  forests  will  need  to  be  supplemented  by  reser- 
voirs. 
National  In  1874  a  memorial  was  presented  to  Congress  by  a  com- 

re8ult*of  naittee  of  the  American  Association  for  the  Advancement  of 
work  of  Science,  Mr.  Hough  being  chairman  of  the  committee, 
scientific  rpj^jg  memorial  resulted  in  the  establishment  of  the  division 
of  forestry  in  the  department  of  agriculture  in  1887.  How- 
ever, it  was  a  memorial  to  the  President  of  the  United  States 
presented  by  the  American  Association  for  the  Advancement 
of  Science  in  1890  that  led  to  the  first  forest  reserve.  This 
memorial,  presented  by  a  committee  of  the  association,  with 
T.  C.  Mendenhall  as  chairman,  recommended  that  a  com- 
mission of  competent  men  be  employed  to  "investigate  the 
necessity  of  preserving  certain  parts  of  the  present  public 
forest  area  as  requisite  for  the  maintenance  of  favorable 
water  conditions";  and  also  recommended  that  "pending 
such  investigation  all  timber  lands  of  the  United  States  be 
withdrawn  from  sale  and  provision  be  made  to  protect  the 
said  lands  from  theft  and  ravages  by  fire,  and  to  supply  in  a 
rational  manner  the  local  needs  for  wood  and  lumber  until  a 
permanent  system  of  forest  administration  be  had."  * 

Honorable  J.  W.  Noble,  Secretary  of  the  Interior  under 
President  Harrison,  clearly  indicates  that  it  was  this  memorial 
that  led  him  to  recommend  that  Congress  pass  adequate 
legislation  to  prevent  the  rapid  and  needless  destruction  of 
the  great  forest  areas.'  In  accordance  with  this  recommen- 
dation, Congress  in  1891  enacted  a  law  stating,  "That  the 
President  of  the  United  States  may,  from  time  to  time  set 
apart  and  reserve,  in  any  state  or  territory  having  public 
land  bearing  forests,  in  any  part  of  the  public  lands  wholly 
or  in  part  covered  with  timber  or  undergrowth,  whether  of 
commercial  value  or  not,  as  public  reservations,  and  the 
President  shall,  by  public  proclamation,  declare  the  estab- 
lishment of  such  reservations  and  the  limits  thereof." 

*  PpoceedingB  Am.  Aisn.  Adv.  Sci.,  39.  Indianapolis.  1890,  p.  28. 
'  Address  on  the  occasion  of  the  unveiling  at  Indianapolis  of  the  statue  of 
Benjamin  Harrison,  pp.  13-14. 
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Finally,  the  enlargement  of  forest  reservations  and  the 
organization  of  the  administration  of  the  national  forest  was 
taken  up  by  the  National  Academy  of  Science,  as  a  result  of 
the  request  of  the  Honorable  Hoke  Smith,  when  he  was  Sec- 
retary of  the  Interior.  This  report  gives  a  comprehensive 
plan  for  the  extension  and  development  of  the  forest  reser- 
vations. As  recommended  by  it,  in  1897,  a  bureau  was 
established  in  the  agricultural  department,  and  Gifford 
Pinchot  was  made  its  chief  in  1898.  This  position  he  held 
until  1910. 

It  was  the  simple  provision  of  the  law  secured  by  Sec-  With- 
retary  Noble  in  1891  which  has  made  possible  the  mag-  ^S^ent  ^ 
nificent  national  forest.  The  lands  which  surveys  have  Presidents, 
shown  are  more  valuable  for  timber  than  for  agriculture 
have  been  withdrawn  from  time  to  time.  Under  Harrison's 
administration  there  were  withdrawn  13,416,710  acres; 
during  Cleveland's  administration  the  national  forests 
were  enlarged  to  39,103,030,  this  being  an  increase  of 
25,686,320;  during  McKinley's  administration  the  national 
forests  were  further  enlarged  to  46,153,119,  an  increase 
of  7,050,089;  under  Roosevelt's  admmistration  came  the 
great  period  of  withdrawals,  the  national  forest  being 
enlarged  to  194,500,043,  a  splendid  addition  of  148,- 
346,925  acres  during  his  term.  When  President  Roose- 
velt went  out  of  office  the  larger  part  of  the  great 
forests  in  the  Pacific  and  Rocky  Mountain  states  which  still 
remained  a  part  of  the  public  domain  had  been  made  national 
forests,  to  be  held  perpetually  as  the  property  of  the  people 
and  to  be  administered  in  their  interest. 

Of  the  national  forests,  149  in  number,  it  is  stated  that 
on  May  27,  1909,  167,677,749  acres  were  in  the  United 
States,  26,761,626  were  in  Alaska,  and  65,950  were  in  Porto 
Rico.  While  this  forest  is  scattered  through  twenty-two 
states  and  territories,  its  greater  value  is  in  the  Far  West. 
It  is  estimated  that  of  the  merchantable  timber  some  70  per 
cent  is  in  the  states  of  California,  Oregon,  and  Washington, 
18  per  cent  in  Montana  and  Idaho,  and  only  12  per  cent  in 
all  the  remaining  states. 
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Timber  in 
national 
foresto.      « 


History  of 
state  park 
in 
Wisconsin. 


Of  the  national  forests  it  is  estimated  that  some  750,- 
000,000  acres  contain  merchantable  saw  timber,  totaling 
390,000,000,000  feet  board  measm^;  of  the  Indian  reserva- 
tions 10,541,900  acres  contain  about  34,000,000,000  feet 
board  measure  of  saw  timber;  of  the  national  parks  about 
2,540,000  acres  contain  some  11,000,000,000  feet  board  meas- 
ure; of  the  military  reservations  69,000  acres  contain  200,000,- 
000  feet  board  measure  of  saw  timber;  and  of  the  unreserved 
public  forests,  4,448,500  acres  contain  about  14,000,000,000 
feet  board  measure  of  saw  timber.  The  national  forests  vary 
greatly  in  their  value.  In  selected  areas  on  the  west  slopes 
of  the  Cascade  Mountains  there  are  sometunes  per  acre 
100,000  feet  board  measure  of  Douglas  fir.  Probably,  how- 
ever, the  average  of  the  forest  land  owned  by  the  govern- 
ment does  not  exceed  4000  feet  board  measure  of  merchant- 
able timber. 

The  states  also  have  made  a  beginning  in  forest  reserves. 
It  is  estimated  that  twenty-two  own  some  9,460,622  acres, 
which  contain  of  merchantable  timber  some  35,474,050,000 
feet  board  measure.  The  distribution  is  given  in  the  table 
opposite. 

Other  states  have  important  holdings.  For  instance, 
Wisconsin,  which  once  had  one  of  the  most  splendid  stands 
of  white  pine  in  the  Union,  and  which  received  from  the 
United  States  government  grants  of  swamp  lands,  as  have 
other  states,  at  the  present  time  has  only  324,000  acres  of 
forest,  and  the  amount  of  merchantable  timber  contained  is 
not  large;  with  the  exception  of  a  few  relative  small  areas. 

It  was  only  in  1903  that  Wisconsin  definitely  established 
the  policy  of  acquiring  a  state  forest.  In  1878,  all  of  the 
state  lands  in  Vilas  County  and  a  part  of  them  in  Iron 
County  on  the  headwaters  of  the  Wisconsin  and  Chippewa 
rivers,  were  withdrawn  from  the  market  and  made  a  state 
park.  An  attempt  was  made  to  obtain  from  the  United 
States  the  remainder  of  the  lands  in  this  area,  but  the  gov- 
ernment did  not  make  the  grants  asked  to  the  state,  and 
the  lands  were  placed  on  the  market  in  1897.  The  larger 
part  of  them,  in  the  very  heart  of  the  white  pine  forest  of 
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Table  showing  Acreage  of  Forests  and  Amount  of  Saw 
Timber  owned  by  Twenty-two  States  and  Territories 


State  or  Territory 


Amount 

Area 
Forested 

M.feetB.M. 

Acres 

735,000 

200,000 

50,000 

25,400 

5,400,000 

915,700 

680,000 

572,800 

625,000 

250,000 

3,800,000 

144,200 

250 

1,957 

2,400 

12,000 

480,000 

120,000 

2,519,900 

2,695,187 

170,000 

180,800 

1,158,900 

1,000,000 

4,000 

4,000 

4,600 

9,900 

620,000 

277,800 

8,600,000 

1,599,638 

225,000 

125,000 

14,000 

14,000 

5,000,000 

502,840 

125,000 

59,400 

5,000,000 

500,000 

260,000 

250,000 

35,474,050 

9,460,622 

Arizona      .  . 

Arkansas    .  . 

California  .  . 

Colorado    .  . 

Florida       .  . 

Idaho     .     .  . 

Maryland  .  . 
Massachusetts 

Michigan   .  . 
Minnesota 
Mississippi 

Montana    .  . 

Nevada      .  . 

New  Jersey  . 
New  Mexico 
New  York 
North  Carolina 
Oklahoma 

Oregon       .  . 
South  Dakota 

Washington  . 
Wyoming 

Total 


Wisconsin,  were  sold  at  prices  ranging  from  $4  to  $60  per 
acre,  only  the  poorer  remnants  being  left  to  the  state.  Ten 
years  later,  after  the  pine  was  cut  and  the  fires  had  burned 
the  slashings  and  the  younger  growth,  the  state  began  buy- 
ing back  the  denuded  lands  to  make  forest  reserves  at  prices 
varying  from  $2.50  to  $3  an  acre. 

About  71,000  acres  have  been  purchased  withua  the  area 
set  aside  as  the  state  park,  and  a  considerable  percentage 
was  land  formerly  owned  by  the  state.  In  the  place  of  the 
splendid  white  pine,  these  lands  are  now  mainly  clothed  with 
cherry,  poplar,  and  other  scrub  material,  although  in  some 
places  there  is  a  young  growth  of  pine.  The  repurchase  of 
the  lands  in  this  area  was  necessary  because  they  are  upon 
the  headwaters  of  the  two  chief  rivers  of  the  state,  the  Wis- 
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consin  and  the  Chippewa.  This  action  of  Wisconsin  is  given 
as  an  illustration  of  common  practice  in  this  country  when 
the  pernicious  theory  was  held  that  the  resources  of  the 
country  were  illimitable. 


Amounts  of 
materials 
from 
forests. 


Three 
eighths  of 
timber  in 
final 
produot. 


THE  CONSUMPTION  OF  THE  FOREST 

The  consumption  of  the  forest  is  due  to  two  causes,  —  use 
and  waste. 

Use.  The  amount  of  wood  used  is  enormous.  At  the 
present  time  it  is  estimated  that  there  are  being  taken  from 
our  forests  each  year  23,000,000,000  cubic  feet  of  timber. 
This  amount  is  sufficient  to  make  40,000,000,000  feet  of 
board  measure  of  lumber,  shingles,  and  laths;  1,000,000,000 
posts,  poles,  and  fence  rails;  118,000,000  hewn  railroad 
ties;  1,500,000,000  staves;  133,000,000  sets  of  headings; 
500,000,000  barrel  hoops;  165,000,000  cubic  feet  of  round 
mine  timber;  100,000,000  cords  of  firewood;  3,000,000 
cords  of  pulp  wood;  and  1,250,000  cords  of  wood  for  dis- 
tillation. The  value  of  this  material  is  estimated  at 
$1,280,000,000.  Of  this,  three  fifths  is  in  lumber,  shingles, 
and  laths,  and  about  one  fifth  in  firewood.  None  of  the 
other  products  have  more  than  ten  per  cent  of  the  total 
value. 

Waste.  The  waste  of  timber  is  enormous.  The  first  of 
the  wastes  is  in  manufacturing.  At  the  present  time  it  is 
estimated  that  in  the  logging  operations  in  the  forests,  for 
every  4000  feet  of  timber  logged,  at  least  1000  feet  (or  one 
fourth)  are  lost.  The  remaining  three  fourths  goes  to  the 
mill.  The  lowest  estimates  place  the  losses  there  at  one 
third,  and  in  some  cases  the  losses  run  as  high  as  50  or  60 
per  cent.  Using  the  lower  figure,  of  the  original  timber  in 
the  woods,  one  half  would  leave  the  mills  as  lumber.  After 
the  timber  goes  to  the  factory  there  is  a  further  loss  of  one 
fourth;  this  leaves  three  eighths.  Thus,  as  compared  with 
standing  wood  of  merchantable  quality,  capable  of  making 
saw  timber,  three  eighths  only  goes  into  manufactured  articles. 

Another  of  the   great    losses,   in    the    southeastern  and 
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FOREST  MATERIAL  REQUIRED 


CLASSES 

FIREWOOO 

LUMBER  AND  SHINGLES^ 

POLES,  POSTS.  AND   RAILS- 

HEWED  CROSS-TIES 

COOPERAGE   STOCK |i 

PULP-WOOD. - -... 

ROUND   MINE  TIMBERS 

OlSTiaATION  WOOD 


BILLIONS  or  CUBIC  FEET 


Fig.  14.  —  Forest  products  in  1907.     After  Kellogg. 


SPECIES 
YELLOW  PINE 
DOUGLAS  FIR 
WHITE  PINE 
OAK 

HEMLOCK 
SPRUCE 
WESTERN  PINE 
MAPLE 
POPLAR 
CirPRESS 
RED  GUM 
CHESTNUT 
REDWOOD 
BEECH 
BIRCH 
BASSWOOD 

COTTONWOOD 

ELM 

ASH 

CEDAR 

LARCH 

HICKORf 

WHITE    FIR 

SUGAR   PINE 

TAMARACK 

TUPELO 

SYCAMORE 

WALNUT 

ALL  OTHERS 


LUMBER   CUT  BY  SPECIES    1907. 

BILLIONS    OF    BOARD    FEET. 
2        3        4        5         e        7        a        9 


Fia.  15.  —  Lumber  cut  by  species,  in  1907.    After  Kellogg. 
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southern  parts  of  the  country,  is  by  turpentining.     This  in- 
dustry as  carried  on  destroys  the  trees  at  the  end  of  four  or 
five  years  or  leaves  them  so  weak  that  they  are  likely  to  be 
blown  down. 
Loao  by  Finally,  there  is  appalling  loss  by  fire.    The  loss  due  to  this 

*^°-  unnecessary  cause  has  been  practically  the  same  as  the  amount 

of  timber  used.  You,  who  in  the  early  part  of  the  year  have 
traveled  in  the  Rocky  Mountains  or  Pacific  ranges  will 
remember  the  wonderful  dark  blue  of  the  atmosphere.  If 
you  climb  a  mountain  peak  and  look  up,  the  sky  is  ultra- 
marine. You  gaze  from  range  to  range  and  see  the  details 
of  the  peaks  100  miles  away.  But  in  June  or  July,  usually 
the  latter,  a  haze  appears.  This  haze  becomes  thicker  and 
thicker  until  the  peaks  are  wholly  obscured.  As  you  stand 
upon  one  peak  you  cannot  see  its  neighbor.  The  whole 
region  is  under  a  pall  of  smoke;  and  this  has  gone  on  year 
by  year,  decade  after  decade. 

Substantially  the  same  situation  has  obtained  in  the  great 
northern  forest,  except  that  there  the  fires  have  been  more 
catastrophic.  Not  every  year,  but  at  intervals,  dry  years 
come  in  which  there  are  great  fires.  This  is  illustrated  by 
the  Peshtigo  fire  of  1871  and  the  fires  of  1908. 
Age  at  The  result,  whether  west  or  north,  is  the  same,  —  destruo- 

foreet  trees.  ^Jq^  qJ  g^  resource  of  inestimable  importance  which  it  has  taken 
hundreds  of  years  to  produce.  Nearly  all  of  the  timber  of 
first  quality  is  more  than  100  years  old.  The  great  sugar 
pines  and  Douglas  fir  and  redwood  of  the  West  are  hundreds 
of  years  in  age,  and  some  of  them  more  than  1000  years; 
and  it  is  beheved  that  some  of  the  old  great  sequoias  were 
trees  before  the  beginning  of  the  Christian  era.  And  yet, 
wholly  disregarding  the  length  of  time  that  it  took  for  nature 
to  manufacture  this  magnificent  forest  resource,  we  have 
destroyed  as  much  of  it  by  fire  as  we  have  by  use.  No  other 
nation  m  the  world  has  so  dreadful  a  responsibility  to  suc- 
ceeding generations.  This  recklessness  has  come  alx)ut  from 
the  fact  that  this  continent  has  been  taken  possession  of 
rapidly.     Heretofore,  as  a  people  have  overrun  a  country, 

»  "Forest  Products,"  R.  S.  Kellogg,  N.C.C.,  Vol.  II,  pp.  196-202. 
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or  developed  in  it,  the  process  has  been  gradual,  extending 
through  centuries.^  Much  the  larger  part  of  this  country 
has  been  occupied  In  a  little  more  than  a  century.  Due  to 
this  fact,  combine*  with  the  feeling  that  the  resources  were 
illimitable,  more  than  enough  for  all,  there  has  come  this 

recklessness,  this  wastefulness, 
which  is  unmatched  in  the  history 
of  the  world. 

At  the  present  time  we  are 
using  260  cubic  feet  of  wood  per 
capita;  Germany  uses  37  and 
France  25,  one  seventh  and  one 
tenth  as  much  respectively  as 
we  use. 

It  is  estimated '  that  upon  the 
best  stands  of  forests  the  mcrease 
per  annum  is  from  30  to  100  cubic 
feet,  with  an  average,  however, 
not  greater  than  28  cubic  feet 
per  acre  per  annum  for  the  240,- 
000,000  acres  of  growing  forest. 
But  it  is  to  be  remembered  that 
there  are  250,000,000  acres  of 
timber  which  are  partly  cut  or  burned  over,  and  100,000,000 
acres  cut  and  burned  over,  so  that  the  average  gro^^-th  upon 
the  550,000,000  acres  of  forest  is  not  greater  than  12  cubic 
feet  per  annum  per  acre.  But  we  are  taking  upon  the  aver- 
age 40  cubic  feet  per  acre.  Thus  you  see  at  the  present 
time  we  are  cutting  our  timber  more  than  three  times  as 
fast  as  it  is  produced. 

It  is  clear  that  our  consumption  must  be  reduced  to  our 
pnxluction,  since  it  cannot  be  expected  that  we  shall  be 
able  more  than  temporarily  to  secure  timber  by  importation. 
Already  the  densely  populated  countries  are  importing 
timber,  instead  of  exporting  it.  It  is  true,  in  some  of  the 
large  undeveloped  countries,  such  as  Siberia,  Canada,  Brazil, 
and  parts  of  Africa,  timber  is  being  exported.     But  this  will 

»  "Rate  of  Forest  Growth,"  E.  A.  Ziegler,  N.  C.  C,  Vol.  II,  pp.  203-269. 
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not  long  be  the  case;  for  as  soon  as  these  countries  are  fully 
occupied,  they  will  need  all  the  timber  they  can  grow,  and 
consequently  in  the  future  we  shall  be  obliged  to  depend 
upon  what  we  produce.  Since  in  the  near  future  we  must 
reduce  our  consumption  to  our  production,  the  question 
arises  as  to  what  we  must  do  to  accomplish  this.  The 
answer  is  a  twelvefold  one,  each  element  of  which  will  be 
considered  separately :  — 

1.  We  must  reduce  waste  in  cutting. 

2.  We  must  reduce  waste  in  milling  and  manufacture. 

3.  We  must  reduce  loss  in  turpentining. 

4.  We  must  extend  the  life  of  timber  by  preservative 

treatment. 

5.  We  must  utilize  by-products. 

6.  We  must  reduce  fire  losses. 

7.  We  must  reforest  areas  burned  over. 

8.  We  must  maintain  forests  on  essential  areas. 

9.  We  must  maintain  areas  stocked  so  as  to   produce 

larger  growth. 

10.  We  must  battle  with  insect  pests. 

11.  We  must  substitute  other  products  for  timber. 

12.  We  must  reform  our  tax  laws. 

I.    REDUCTION  OF  WASTE  IN  CUTTING  * 

It  has  already  been  said  that  the  loss  by  careless  cutting 
is  not  less  than  25  per  cent.  On  our  national  forests,  where 
modem  methods  are  practiced  sunilar  to  those  which  are  in 
force  in  other  enlightened  countries,  the  loss  has  been  reduced 
to  10  per  cent  or  less,  or  to  two  fifths  of  the  amount  on 
private  holdings.  But  the  loss  in  the  timber  cut  is  only  a 
small  part  of  the  damage  to  the  forests  as  lumbering  is  at 
present  practiced  by  private  parties.  Where  forestry  is 
practiced  the  precautions  given  below  are  taken  to  maintain 
the  forests. 

(1)  There  should  be  care  for  the  young  growth.     Under  Destruction 
the  present  methods  of  logffina;,  the  trees  are  often  felled  o^  young 

°°     °'  growth  m 

»!' Conservative  Logging,"  Earle  N.  Clapp,  N.  C.  C,  Vol.  II.,  pp.  612-546.     l^S^g- 
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with  no  thought  of  the  young  timber.  A  log  is  thrown  down 
where  it  seems  best  for  that  log  and  with  reference  to  other 
logs  which  are  to  be  cut;  indeed,  in  some  cases  the  very 
young  timber  is  deliberately  used  as  a  cushion  for  the  falling 
trees.  In  skidding  and  handling  the  logs  the  young  timber 
is  often  disregarded.  Also  chains  or  cables  attached  to  the 
immature  trees  frequently  tear  off  the  bark,  and  even  injure 
them  so  that  they  are  worthless.  Thus  a  large  part  of  the 
timber  which  is  so  small  as  not  to  be  merchantable  is  de- 
stroyed during  the  removal  of  the  merchantable  timber. 

(2)  Seed  trees  should  be  left.  If  every  tree  capable  of 
bearing  seed  is  cut,  then  no  seeds  are  produced  to  reforest 
the  cut-over  area.  Because  of  lack  of  seed  trees,  combined 
with  other  facts  to  be  considered,  extensive  areas  in  the 
northwest,  which  once  were  heavily  timbered  with  white 
pine,  or  other  valuable  coniferous  trees,  now  have  no  second 
stand  of  these  species.  This  could  have  been  avoided  had 
there  been  occasional  trees  left  for  seed.  Leaving  seed  trees 
is  universally  practiced  wherever  the  forests  are  under  the 
control  of  the  government  and  modem  methods  are  used. 

(3)  The  immature  trees  should  not  be  cut.  At  the  present 
time  the  almost  universal  method  of  cuttmg  in  the  United 
States  is  to  take  everything  which  will  produce  a  log;  even 
young  growth,  scarcely  more  than  poles,  six  or  eight 
inches  in  diameter,  b  cut.  When  an  area  has  been  gone 
over,  there  is  nothing  left  of  the  species  which  the  contractor 
is  taking  out  except  the  shrubs  and  saplings.  It  is  an  ad- 
vantage to  the  growing  trees  to  cut  the  mature  trees, 
which,  if  allowed  to  stand,  may  deteriorate,  or  if  not  deteri- 
orate, are  of  an  age  such  that  improvement  is  not  rapid ; 
but  the  young  timber  of  intermediate  size  is  at  the  period 
of  most  rapid  growth,  most  rapid  annual  addition  of  material. 
This  is  wholly  disregarded  and  everything  is  swept  clean. 
Only  by  leaving  the  immature  and  rapidly  growing  timber 
can  we  hope  to  make  the  future  growth  equal  to  our  needs. 

(4)  Clean  work  must  be  done  in  the  forests.  Clean  work 
involves  a  number  of  factors :  — 

(a)  Preceding  cutting,  well  designed  logging  plans  should  be 
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prepared.  The  habit  of  the  past  was  to  go  into  a  piece  of  Desirability 
forest  and  begin  to  cut,  just  as  it  used  to  be  the  practice  of  one  °{ ^^^sging 
in  charge  of  a  mine  simply  to  begin  to  take  out  ore.  But 
modern  methods,  both  in  forestry  and  mining,  involve  a  care- 
ful scientific  examination  of  the  timber  area  to  be  cut,  or  the 
mine  to  be  worked,  and  carefully  wrought  out  plans  so  that 
exploitation  may  not  only  be  efficient,  but  economical. 

(6)  All  the  timber  which  is  cut  should  be  removed.  Not  Timber 
infrequently  short  logs  and  small  logs  are  left.  Indeed,  I  +2**^^^°°^ 
have  seen  areas  in  the  North  where  the  timber  has  been 
cut,  and  either  by  mismanagement  or  change  of  hands  the 
logs  left  on  the  ground  to  rot.  The  sight  is  always  a  distressing 
one.  The  cutting  of  timber  and  leaving  a  part  or  all  in  the 
woods  is  indeed  wanton  destruction. 

(c)  The  timber  should  be  removed  in  inaccessible  places  Timber  left 
when  an  area  is  cut.     Not  infrequently  on  the  steep  side  of  a  i^  "lacces- 
hill,  or  in  a  ravine,  where  the  timber  is  rather  hard  to  get  at, 

it  will  be  left.  This  is  especially  likely  to  occur  under  the 
contract  system  of  cutting,  where  the  pay  is  in  proportion  to 
the  amount  taken  out.  The  leaving  of  mature  timber  in  in- 
accessible places  is  extravagant;  for  to  go  in  an  area  a  second 
time  for  logging  operations  involves  large  additional  expendi- 
ture. When  an  area  is  cut  over  all  of  the  mature  timber 
adapted  to  the  market  should  be  taken. 

(d)  The  cut  should  not  be  limited  to  the  choicest  timber.  All  mature 
but  the  inferior  trees,  and  especially  the  inferior  species,  ^^^^j^e 
which  stand  in  the  way  of  the  better  species,  should  be  re-  cut. 
moved  and  thus  give  the  latter  an  opportunity  to  grow.     In 

the  past  it  has  been  the  common  practice  in  the  North  and  in 
the  Pacific  forests  to  remove  only  the  white  pine,  Douglas  fir, 
and  redwood,  leaving  all  the  hemlock  and  in  the  northern 
forests  the  hardwood.  Under  new  conditions  this  situation 
is  being  changed.  If,  when  a  tract  is  to  be  cut,  all  of  the  ma- 
ture merchantable  timber  of  every  species  except  seed  trees 
be  removed,  the  young  timber  will  be  given  favorable  con- 
ditions to  reforest  the  area. 

(e)  Not  infrequently  it  is  the  case  that  an  area  contains 
dead  or  blown  down  timber  in  large  quantities,  perhaps  as  a 
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result  of  fire  or  cyclone,  or  the  two  combined.     This  timber 
may  not  be  of  as  good  quality  as  that  growing,  but  it  should  be 
removed  and  utilized  for  the  purposes  for  which  it  is  adapted. 

(/)  Where  there  are  inferior  species  and  inferior  trees  whicli 
are  not  merchantable  they  should  be  utilized  for  the  construc- 
tion work  incident  to  cutting.  A  certain  amount  of  timber  is 
always  needed  for  making  roads  and  skids  and  the  other 
forest  work. 

(g)  The  trees  should  be  cut  for  all  the  material  which  they 
furnish.  Only  a  few  years  ago  great  hemlock  trees  were  cut 
down  by  the  thousands  from  which  only  the  bark  was  taken 
for  the  tanneries,  the  logs  being  left  to  rot  in  the  woods.  How 
great  the  loss  of  timber  was  by  wasted  hemlock  it  is  impossible 
to  say,  but  it  was  enormous.  To  some  extent,  chestnut  has 
been  the  subject  of  similar  practices.  At  the  present  time, 
with  the  increasing  value  of  timber,  this  particular  waste  has 
practically  ceased. 

Low  cutting  should  be  practiced.  Under  contract  work 
especially  there  is  a  temptation  to  cut  above  the  butt 
expansion.  The  contractor's  price  is  so  much  per  thousand 
feet;  he  does  not  care  whether  there  is  left  a  butt  several 
feet  high,  containing  much  good  timber.  Careless  cut- 
ting in  this  respect  has  resulted  in  large  losses,  espe- 
cially in  the  great  redwood  forests  of  the  West,  where 
stumps  seven  or  eight  feet  high  are  not  uncommon.  In  tho 
pine  forests  in  the  North  the  winter  stumps  average  not  less 
than  five  feet.  Low  cutting  should  always  be  required  as  one 
of  the  conditions  of  the  contract,  so  that  the  timber  shall  be 
saved  as  near  to  the  ground  as  possible.  Except  in  special 
cases  stumps  need  not  be  higher  than  eighteen  inches  and  often 
they  may  be  even  lower. 

The  tops  of  the  trees  should  be  used  for  saw  timber  so  far  as 
practicable  and  the  remainder  for  cord  wood  and  other  pur- 
poses. At  the  present  time,  in  the  lake  states  and  the  West, 
the  tops  of  the  trees,  including  the  branches  of  considerable 
size,  are  left  in  the  forest,  no  attempt  being  made  to  save 
them.  This  is  not  only  a  great  loss  of  material,  but  is  a 
menace  to  the  forest  by  furnishing  fuel  for  forest  fires. 
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By  variation  in  the  lengths  of  logs  and  by  using  short  lengths,  Use  short 
a  larger  proportion  of  the  trees  may  be  made  into  saw  timber.    ^^' 
Too  frequently  in  the  past  only  those  logs  have  been  taken  out 
which  will  yield  twelve,  fourteen,  sixteen  feet  or  longer  lumber. 
The  shorter  length  logs,  eight  or  ten  feet,  should  be  saved. 

(h)  Great  saving  may  be  made  by  careful  operation,  which 
includes  felling,  transportation,  and  driving.      An  inexpe-  Loss  from 
rienced  or  careless  cutter  often  falls  his  log  so  that  the  tree  is  ^^^^^^^ 
shattered  or  broken,  whereas  with  an  experienced  and  careful 
man  this  will  rarely  happen.    The  use  of  the  axe  where  the 
saw  should  be  used  has  resulted  in  large  losses  in  the  past. 
Very  frequently  by  careless  driving  the  streams  are  imper- 
fectly cleaned  up  and  many  logs  are   lost.     Booms  are  so 
poorly  made  that  at  times  of  flood  or  wind  they  break  and  the 
logs  are  scattered  far  and'wide.     Also  the  booms  of  log  rafts,  Lake  shores 
being  towed,  break  with  grave  disaster.     The  result  is  that  on  ^[h^aban 
almost  every  large  lake  in  the  North  there  have  been  impor-  doned  logs, 
tant  losses  of  logs.    You  who  have  traveled  along  the  shore  of 
Lake  Superior  will  remember  that  the  lake  is  bordered  with 
logs  half  buried  in  the  sand  or  piled  on  the  beach.     These  logs 
have  broken  from  rafts  or  have  escaped  from  the  rivers.     This 
loss  has  been  enormous.     Not  infrequently  a  great  boom  in  a 
river  holding  millions  of  feet  of  lumber  has  broken  and  the 
whole  gone  down  at  a  time  of  flood  to  Lake  Superior,  Michigan, 
or  Huron,  or  some  other  of  the  lesser  but  still  large  lakes.    In 
such  cases  a  part  of  the  logs  are  recovered,  but  only  a  part.   A 
large  number  of  them  get  beyond  recovery  and  join  the  zone 
which  borders  so  many  bodies  of  water  in  the  lake  country. 

2.    REDUCTION    OF    WASTE  IN   MILLING  AND   MANUFAC- 
TURE! 

According  to  Margolin,  in  milling  the  following  are  the  losses  Total 
of  the  entire  volume  of  the  logs:  bark,  13  per  cent;  kerf,  or 
sawdust,  13.5  per  cent;  edging  and  trimming,  8.7  per  cent; 
slabs,  8.7  per  cent;  careless  manufacture  and  accidents,  3.5 
per  cent;  requiring  standard  lengths  and   widths,  1.7  per 

^" Waste  in  Milling,"   Louis   Margolin.     "Waste   in   Use  of  Timber/* 
McGarvey  Cline,  N.  C.  C,  Vol.  II,  pp.  547-580. 
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cent;  making  a  total  loss,  from  all  sources  in  the  mill,  of 
49.1  percent.  This,  Margolin  holds,  is  the  average  practice 
at  the  present  time. 

This  enormous  loss  can  be  reduced  in  the  following  ways :  — 

(1)  For  half  the  timber  sawed  gang  saws  are  used.  The 
use  of  such  saws,  each  of  which  has  to  be  thick,  should  be  aban- 
doned, and  thin  band  saws  used.  It  is  calculated  that  this 
substitution  would  increase  the  lumber  from  the  logs  now  cut 
by  2,250,000,000  board  feet,  all  of  which  now  goes  into 
sawdust.  For  many  purposes  round  timber  could  be  used. 
If  those  in  control  of  the  market  would  not  insist  upon  having 
all  the  lumber  squared  up,  and  the  round-«dged  lumber  were 
used  for  certain  purposes,  this  would  give  a  large  saving. 

(2)  If  the  market  requirements  and  usages  could  be  so 
modified  as  to  use  odd  lengths  and  short  lengths  for  various 
purposes,  this  would  result  in  great  saving.  You  who  have 
seen  a  sawmill  at  work  must  have  been  amazed  at  the  number 
of  pieces  which,  because  somewhat  short  of  the  standard  mini- 
mum length  of  the  market,  go  into  the  waste  heap.  For 
many  purposes  these  short  lengths  could  be  used,  and  if  only 
the  trouble  were  taken  to  put  them  on  the  market,  they 
would  readily  find  a  sale  at  a  lower  rate  than  that  charged 
for  standard  lengths. 

(3)  The  pieces  which  are  so  small  as  not  to  be  used  for  short 
boards  could  be  used  for  matches,  toothpicks,  excelsior,  and 
novelties  of  small  size.  As  a  matter  of  fact,  however,  even 
for  minute  objects,  such  as  matches,  the  largest  and  best  tim- 
ber is  extensively  used. 

(4)  After  lumber  is  milled  into  standard  forms  there  are 
still  further  losses  in  its  utilization.  These  are  of  three  kinds ; 
those  due  to  seasoning,  those  due  to  manufacture,  or  factory 
loss,  and  those  due  to  improper  uses. 

In  the  building  trades  it  is  estimated  that  the  loss  in  season- 
ing and  in  use  amounts  to  15  per  cent  or  3,600,000,000  feet 
board  measure;  in  furniture  making,  it  is  estimated  that  the 
loss  in  seasoning  and  factory  amounts  approximately  to  25 
per  cent,  which  represents  an  annual  loss  of  1,710,000,000  feet 
board  measure;  in  making  boxes  it  is  estimated  that  the  loss 
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is  approximately  20  per  cent,  which  represents  an  annual  loss 
of  692,000,000  feet  board  measure;  in  making  bridges  and 
cars  the  loss  is  about  10  per  cent,  which  represents  an  annual 
loss  of  282,000,000  feet  board  measure;  in  the  manufacture 
of  vehicles  and  agricultural  implements  the  loss  amounts  ap- 
proximately to  25  per  cent,  or  an  annual  loss  of  482,000,000 
feet  board  measure;  in  ship-building  and  other  miscellaneous 
uses  the  loss  is  at  least  15  per  cent,  which  represents  an  an- 
nual loss  of  157,000,000  feet  of  board  measure.  Thus  the 
total  loss  in  adapting  to  its  final  use  milled  timber  in  1907  was 
17  per  cent,  or  6,803,000,000  feet  board  measure.  This  loss 
is  mainly  in  sawdust,  shavings,  and  small  blocks.  Even  under 
the  best  of  conditions  this  loss  can  only  be  reduced;  it  cannot 
be  altogether  avoided.  Therefore  the  term  "  loss  "  better 
describes  the  situation  than  ''waste."  Indeed,  the  materials, 
sawdust,  shavings,  and  small  blocks,  are  used  for  packing,  for 
fuel,  and  for  other  purposes,  and  thus  are  not  wholly  wasted. 

3.    REDUCTION   OF  LOSS  IN  TURPENTINING  i 

When  I  was  a  lad,  one  question  in  the  geographies  used  to  Tar,  pitch, 
be,  What  are  the  chief  articles  produced  in  the  Southern  states?  ^^^ 
A  part  of  the  answer  was, ' '  Tar,  pitch,  and  turpentine. ' '  When, 
a  schoolboy,  I  made  this  answer,  I  did  not  appreciate  the  trag- 
edy involved  in  it.  You  who  have  traveled  in  the  South,  where 
the  roads  go  through  the  great  forests  of  long  leaf  pine,  have 
seen  many  thousands  of  trees  hacked  four,  five,  and  six  inches 
deep  for  two  thirds  the  way  about  the  trees,  and  from  one  or 
two  feet  from  the  ground  to  as  high  as  the  ax  can  reach.  The 
strength  of  the  trees  thus  abused  is  reduced  by  one  third  to 
one  half;  and,  greatly  weakened,  after  a  few  years  they  fall. 
Becoming  dry,  they  invite  the  fire,  and  then  their  destruction 
becomes  a  menace  to  the  entire  forest. 

The  average  period  during  which  tar,  pitch,  and  turpentine  Boxing 
are  furnished  by  a  given  tree  under  the  method  of  boxing  com- 
monly practiced  in  the  South  is  not  greater  than  four  years. 

1  "Conservative  Turpentining,"  George  B.  Sudworth,  N.  C.  C,  Vol.  II, 
pp.  498-511. 
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The  deep  cut  each  year,  for  a  fresh  cut  must  be  made  annually, 
is  fifteen  or  sixteen  inches;   in  four  years  it  is  sixty  or  sixty- 
four  inches  in  height;  then  that  tree  is  abandoned  and  another 
attacked. 
Improved  The  manufacture  of  pitch  and  turpentine,  called  in  commerce 

"rodudng  naval  stores,  because  in  early  days  the  tar  and  pitch  were  used 
naval  stores,  for  introduction  l?etween  the  planks  to  make  the  ships  water 
tight,  has  been  studied  very  closely  by  the  United  States  For- 
est Service.  New  methods  have  been  discovered  for  the  manu- 
facture of  these  products,  which  have  been  thoroughly  tested 
and  found  satisfactory.  The  method  now  advocated  consists 
of  shallow  uniform  cuts  in  the  trees,  metal  gutters  to  carry 
the  products,  and  clay  receptacles  to  catch  them.  By  the  old 
method,  the  cut  in  the  tree  was  deep  enough  actually  to  make 
a  box  within  the  wood,  which  gathered  the  sap  of  the  tree. 
By  introducing  the  metal  gutters  to  carry  the  sap  to  the  clay 
receptacles,  the  cut  can  be  made  very  shallow;  and  that  gives 
a  greater  rather  than  a  less  yield.  Also  the  cuts  need  not  be 
made  in  any  one  year  more  than  three  and  one  half  to  four 
inches  in  height.  The  life  of  a  tree,  instead  of  being  three  or 
four  years,  is  thus  increased  to  fifteen  or  twenty  years.  Also 
the  method  gives  an  increased  yield  of  about  30  per  cent.  Fi- 
nally, by  it  the  trees  are  not  seriously  injured;  and  if  the  cut- 
ting is  discontinued  for  a  series  of  years,  they  may  be  again 
utilized.  The  question  of  tar,  pitch,  and  turpentine  may 
strike  yoii  as  a  small  matter;  these  conmiodities  are  not  com- 
monly considered  important;  but  the  effect  of  their  production 
upon  the  forest,  as  methods  have  been  practiced  in  the  past, 
has  lieen  most  disastrous.  There  are  no  available  estimates 
of  the  extent  of  the  beautiful  long  leaf  pine  forests  of  the  South 
which  have  been  destroyed  by  boxing,  but  there  is  no  doubt 
that,  if  figures  were  available,  they  would  be  appalling. 
Probable  If  the  present  methods  of  producing  naval  stores  continue, 

M^°         the  forests  will  hot  furnish  them  at  the  rate  demanded  by 
stores.  conmierce  for  more  than  twenty-five  or  thirty  years.      If, 

however,  the  new  methods  advocated  by  the  Forest  Service 
be  introduced,  and  if  in  addition  to  the  yellow  and  slash  pine 
of  the  South,  other  pines  are  used  for  this  purpose;  and  es- 


Plate  I.  —  Pine  boxed  for  three  years,  near  Ocilla,  Georgia.     Photo  by  I'orest  Service. 
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pecially  if  this  process  be  combined  with  lumbering,  it  will  be 
possible  to  produce  a  sufficient  amount  of  naval  stores  through 
the  indefinite  future.  A  tree  when  near  its  maturity  is  in  the 
best  condition  to  yield  the  largest  amount  of  tar,  pitch,  and 
turpentine.  A  forest  may  be  drawn  upon  for  these  purposes 
for  fifteen  or  twenty  years;  and  then,  before  the  trees  are  so 
greatly  weakened  as  to  result  in  windfalls  and  danger  by  fire, 
that  forest  may  be  cut  for  timber.  By  thus  uniting  the  pro- 
duction of  naval  stores  and  lumber  in  a  single  plan,  there  will 
result  a  great  saving  of  valuable  timber. 

4.    EXTENSION   OF   LIFE   OF   TIMBER   BY   PRESERVATIVE 
TREATMENT 

The  next  of  the  methods  of  lessening  the  demand  for  timber 
is  preservative  treatment.^  This  consists  in  treating  wood 
with  creosote  or  zinc  chloride,  so  as  to  make  it  less  susceptible 
to  destruction  by  decay,  by  insects,  marine  borers,  mechanical 
abrasions,  and  fire.  It  is  believed  that  these  factors  annually 
destroy  not  less  than  9,750,000,000  feet  board  measure  of 
timber.  At  the  present  time  there  are  in  operation  about 
sixty  plants  in  the  United  States  for  preserving  timber.  Their 
output  is  something  like  1,250,000,000  feet  board  measure, 
only  a  small  fraction  of  the  total  timber  used.  Preservative 
treatment  adds  to  the  life  of  timber  by  from  ten  to  eighteen 
years.  Experiments  on  railroad  ties,  poles,  posts,  piles,  mine 
props,  shingles,  and  export  lumber  fall  between  these  ex- 
tremes. 

If  preservative  treatment  were  applied  to  all  merchantable  Saving  by 
timber,  it  is  estimated  that  this  would  involve  a  saving  per  ^^gatment^^ 
annum  of  6,000,000,000  board  feet  of  timber,  or  12  per  cent 
of  the  timber  used.  Thus  by  treating  wood  so  as  to  prolong 
its  life  we  could  reduce  by  that  one  process  the  demand  upon 
our  timber  from  40,000,000,000  feet  board  measure  to 
34,000,000,000  feet  per  annum. 

Not  only  does  preservative  treatment  prolong  the  life  of 
durable  species  of  wood,  such  as  have  been  used  in  the  past; 

1  "Wood  Preservatives,"  by  W.  F.  Sherfesee  and  H.  F.  Weiss,  N.  C.  C, 
Vol.  II.,  pp.  658-667. 
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Preuervative  but  it  prolongs  the  life  of  inferior  and  cheaper  woods,  so  as  to 
make  them  useful,  which  heretofore  have  had  small  value. 
Tamarack  for  railroad  ties  without  treatment  has  so  brief  a 
life  as  not  to  warrant  its  use  for  this  purpose;  but  treated 
tamarack  ties  have  reasonable  durability.  The  economy  of 
preservative  treatment  is  not  confined  to  the  saving  of  timber; 
there  is  also  saving  in  the  amount  of  constructive  work.  If 
the  railroad  ties  last  longer  by  ten  or  twelve  years,  then  the 
number  of  ties  to  be  replaced  each  year  is  reduced  by  many 
millions.  If  the  life  of  the  timber  in  a  mine  is  prolonged  ten 
years  by  treatment,  the  work  of  retimbering  is  greatly  re- 
duced. It  is  estimated  that  the  cost  of  the  work  in  maintain- 
ing wood  structures  as  a  result  of  introducing  preservative 
treatment  would  be  lessened  by  $72,000,000  per  annum. 
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5.    UTILIZATION  OF  BY-PRODUCTS* 

The  next  subject  to  be  considered  is  the  utilization  of  by- 
products. At  the  present  time  in  wood  manufacturing  the 
enormous  amount  of  refuse  formed  is  utilized  only  to  a  small 
extent;  its  utilization  can  be  very  greatly  increased.  The 
refuse  comprises  tops,  stumps,  butts,  cull  logs,  slabs,  edgings, 
trimmings,  barks,  shavings,  sawdust.  In  what  ways  can 
these  materials  become  of  use? 

First,  chemical  products  may  be  manufactured  from  them. 
By  the  sulphite  process  of  making  pulp  great  quantities  of  so- 
called  sulphite  liquor  are  produced  which  contains  much  sul- 
phur. As  yet  no  way  has  been  devised  to  save  this  by- 
product. By  the  distillation  of  pine  wood  large  quantities  of 
pyroligneous  acid  are  produced.  In  Germany  from  this  mate- 
rial acetic  acid  and  wood  alcohol  are  made;  but  in  this 
country  these  by-products  have  not  been  obtained. 

About  30  per  cent  of  the  Southern  yellow  pine  is  treated  in 
the  dry-kiln.  It  is  calculated  that  there  is  produced  in  this 
process  something  like  one  gallon  of  turpentine  per  thousand 
feet  board  measure.     This  amounts  to  4,000,000  gallons  per 

»  "  Utiliiation  of  Wood  Waste  by  Chemical  and  Other  Means,"  by  H.  8. 
Briatol  and  L.  F.  Hawley,  N.  C.  C,  Vol.  U,  pp.  645-667. 
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annum.  Improved  processes  have  been  proposed  which  will 
materially  increase  this  amount.  Some  way  should  be  de- 
vised to  save  this  wasted  turpentine. 

Not  only  could  chemical  products  be  saved  which  are  inci- 
dent to  adapting  wood  to  its  use,  but  they  could  be  produced 
from  refuse.  If  the  waste  stumps,  slabs,  and  fragments  of 
various  kinds  of  the  Southern  pine  and  the  sawdust  formed 
were  distilled  for  turpentine,  it  is  calculated  that  there  would 
be  available  for  this  purpose  a  sufficient  amount  of  material 
on  the  basis  of  two  and  one  half  gallons  per  cord  to  make 
36,500,000  gallons  of  turpentine,  or  more  than  is  produced  in 
the  United  States  at  the  present  time  by  the  extravagant  pro- 
cess of  extracting  it  from  the  living  trees.  Also  a  large  amount 
of  turpentine  could  be  obtained  from  the  waste  material  of  the 
Douglas  fir  and  other  trees. 

Another  great  loss  is  in  the  manufacture  of  charcoal.  By- 
Where  charcoal  is  made  in  the  ordinary  kiln,  all  of  the  distilled  f^^Tm  °*^ 
products  pass  into  the  air  and  are  wasted.     Incident  to  the  charcoal 
manufacture  of  charcoal  a  large  amount  of  creosote,  wood  ^^^^^^o- 
alcohol,  and  acetic  acid  are  formed.     There  are  in  this  country 
a  few  scientifically  constructed  plants  for  the  saving  of  all 
of  these  products.     This  is  illustrated  by  the  establishment 
of  the  Cleveland-Cliffs  Company  of  Marquette,  Michigan. 
Such  a  plant  involves  a  considerable  investment.     It  is  nec- 
essary to  bring  the  wood  to  a  central  plant  to  char  it;  and 
in  addition  to  special  kilns  an  expensive  auxiliary  plant  is 
required  to  save  the  by-products. 

We  have  already  seen  that  in  the  past  a  very  large  amount  Tannic  acid 
of  tannic  acid  for  the  tanning  process  has  been  obtained  from  ^^^^  wood 

°  ^  now  wasted. 

the  bark  of  hemlock,  the  wood  itself  being  wholly  neglected. 
Chestnut  wood  contains  much  tannic  acid.  Bristol  and 
Hawley  estimate  that  if  the  refuse  chestnut  wood  of  1907 
had  been  utilized  for  making  tannic  acid,  there  would  have 
been  available  50,000,000  cubic  feet,  which  would  have 
yielded  about  312,500,000  pounds  of  extract,  or  more  than 
twice  the  amount  of  tannic  acid  used  in  the  tanneries  of  the 
country. 
A  great  possible  saving  is  by  making  refuse  into  wood  pulp. 
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Wood  pulp  One  of  the  questions  continually  before  the  foresters  and  the 
nowwubied.  manufacturers  of  paper  is,  how  long  will  the  supply  of  pulp- 
wood  be  available?  At  the  present  time  the  material  for 
making  paper  is  almost  exclusively  derived  from  spruce, 
hemlock,  and  poplar.  The  trunks  of  these  trees  are  cut  into 
cord  wood  and  sent  to  the  pulp  mills.  But  practically  all 
of  the  soft  woods  can  be  made  Jnto  pulp.  If  the  slabs 
and  tops  of  the  hemlock,  spruce,  poplar,  cottonwood, 
and  the  Douglas  fir  had  been  used  for  pulpwood;  and  to 
this  had  been  added  the  waste  material  from  yellow  pine, 
Western  pine,  and  Douglas  fir;  it  is  calculated  that  in  1907 
there  would  have  been  available  22,600,000  cords  of  material, 
or  five  and  one  half  times  the  amount  used  for  pulpwood. 
Thus  it  is  clear  that  in  refuse  now  burned  or  left  to  rot  in 
the  wood  there  is  an  entirely  adequate  supply  of  wood  for 
paper-making. 
utUiiatioD  In  the  milling  of  logs  and  in  the  adapting  of  the  lumber  to 
its  final  purpose,  a  very  large  amount  of  sawdust  is  produced ; 
indeed,  this  is  one  of  the  heaviest  losses  in  wood  manufacture. 
Sawdust  is  adapted  for  various  uses:  chemically,  it  may 
be  used  for  the  manufacture  of  oxalic  acid,  and  for  ethyl 
or  grain  alcohol;  mechanically,  it  can  be  used  for  packing 
material,  for  a  non-conductor  in  walls,  as  an  absorbent,  as 
for  instance  in  making  nitro-glycerine,  and  to  mix  with  clay 
for  making  porous  brick,  the  sawdust  being  burned  out  when 
the  brick  is  burned,  thus  making  a  brick  which  is  an  excellent 
non-conductor.  Also  it  can  be  used  with  a  binding  material 
for  making  wood  substitute  adapted  to  flooring  and  for  va- 
rious other  purposes.  Wood  substitutes  are  already  manu- 
factured in  France  and  in  some  other  countries,  but  have  not 
as  yet  been  introduced  into  this  country  because  of  the 
cheapness  of  wood.  Finally,  sawdust  may  be  used  for  fuel 
and  power.  This  use  is  mentioned  last  because  it  is  the  least 
important,  and  only  the  residuum  not  available  for  other 
purposes  should  be  thus  used. 

Griffith  gives  "as  an  illustration  of  how  large  concerns  are 
utilizing  what  has  heretofore  been  considered  waste,  the  case  of 
a  prominent  concern  in  its  operation  of  a  sawmill  and  chemical 


of 
sawdust. 
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plant.  After  the  timber  suitable  for  manufacturing  lumber 
is  cut  on  the  tracts  owned  by  the  company,  all  the  small  and 
defective  hardwoods  are  felled,  and  together  with  the  tops  of 
the  trees  down  to  a  IJ^  inch  limb,  are  cut  into  lengths  easy 
to  handle  and  hauled  to  the  chemical  plant.  The  wood  is 
then  treated  and  from  one  cord  is  secured  60  bushels  of  char- 
coal, 10  gallons  of  wood  alcohol,  and  145  pounds  of  acetate 
of  lime.  Not  only  does  the  company  enjoy  a  source  of 
income  from  this  phase  of  utilization,  but  the  removal  of  the 
slash  does  much  to  prevent  fires  and  promotes  reforestation 
or  settlement  to  agriculture  as  desired." 

The  recovery  of  by-products  from  refuse  wood  is  likely  to  Future 

have  a  great  development  in  the  future.     Such  utilization  J"ecovery  of 

.  .         .  by-producta 

has  made  comparatively  little  progress  in  this  country,  because 

of  the  cheapness  of  wood;  but  with  a  decreasing  forest  area, 

with  a  limited  amount  of  the  higher  grades  of  timber,  we  shall 

be  obliged  to  turn  to  the  refuse  material  to  supplement  our 

supply.     This  situation  has  led  the  United  States  Forest 

Service  to  undertake  exhaustive  investigations  in  reference 

to  the  utilization  of  refuse.     This  is  one  of  the  chief  purposes 

of  the  establishment  of  a  forest  products  laboratory  by  the 

government  at  the  University  of  Wisconsin. 


6.    REDUCTION   OF  FIRE  LOSSES  ^ 

We  have  already  seen  that  the  fire  losses  are  the  greatest 
of  those  with  reference  to  timber.  It  has  been  stated  that  up 
to  the  present  time  this  loss  has  been  substantially  equal  to 
the  timber  cut.  It  is  therefore  necessary  to  consider  in  some 
detail  the  question  of  forest  fires. 

First  to  be  considered  is  the  cause  of  forest  fires.     The  Cause  of 
favorable  conditions  which  result  in  forest  fires  are  forest  ^°^^*  ^^^' 
debris  in  the  woods.     The  debris   includes   leaves,    twigs, 
fallen  timber,  dead  trees,  and  above  all,  slashings  produced 
by  cutting;   that  is,  the  residuum  left  which  the  lumbermen 

1  "Forest  Fires,"  by  Clyde  Leavitt,  Report  National  Conservation  Com- 
mission, Vol.  II,  pp.  390-468. 
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do  not  take  out,  and  which  residuum,  as  we  have  seen,  might 
be  used  to  make  by-products.  The  slashings  left  in  the  forest 
soon  dry,  and  are  ready  for  combustion.  In  addition  are  only 
needed  the  agents  of  ignition  for  disaster  to  follow.  These 
agents  include  locomotives,  campers,  lightning,  brush-burn- 
ing. In  the  South  the  burning  over  of  the  forests  to  remove 
the  leaves  and  twigs  is  done  to  improve  the  grass.  Finally, 
the  incendiary  has  his  share  in  the  destructive  work;  he  has 
been  a  potent  cause  of  fire  in  the  West,  especially  in  connection 
with  the  sheep  and  cattle  industry  to  secure  better  grazing 
for  the  herds. 

An  investigation  of  these  various  agents  in  the  Rocky 
Mountains  showed  that  in  1907,  of  some  2503  fires,  641  were 
by  locomotives,  638  by  campers,  458  by  lightning,  49  by 
clearing  and  brush-burning,  43  incendiary,  22  hunters,  and 
652  of  various  Unknown  sources.  This  list  shows  that  the 
greater  number  of  fires  were  set  by  locomotives,  by  campers, 
and  by  lightning. 

You  will  doubtless  be  surprised  to  learn  how  numerous 
were  the  fires  caused  by  lightning,  —  438  in  one  year.  This 
explains  some  of  the  old  fires,  those  of  the  time  before  settle- 
ment. Many  of  the  most  extensive  fires  in  the  Rocky 
Mountains  and  elsewhere  have  been  thus  produced.  How- 
ever, lightning  is  not  the  only  cause  of  fires  before  the  settle- 
ment of  the  country  by  the  white  man;  the  Indian  had  a 
habit  of  burning  over  the  forest  each  year.  Thereby  the 
forests  were  made  more  open  and  the  prairies  extended  at  the 
expense  of  the  forests.  If  the  forests  are  kept  free  from  fire, 
they  soon  become  diflScultly  -accessible,  both  to  men  and  to 
beasts.  In  the  South,  for  a  similar  reason,  the  white  man 
bums  over  the  forest  lands  each  year  in  order  to  improve  the 
grazing  of  his  herd. 

Forest  fires  cost  both  loss  of  .life  and  loss  of  property.  It 
is  estimated  that  under  the  conditions  that  have  prevailed 
to  the  present  the  average  annual  loss  of  life  was  fifty.  From 
time  to  time  the  nation  has  been  stirred  by  great  forest  fires 
which  resulted  in  loss  of  life  and  the  destruction  of  villages 
and  towns.    Among  these  was  the  great  Peshtigo  fire  in  Wis- 
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consin,  in  1871,  the  Michigan  fires  in  1881,  and  the  Minnesota  The 
fires  in  1904  and  1908.  In  the  Peshtigo  fire  400  square  miles  ^l^^'^"" 
was  entirely  devastated,  1000  people  perished  and  3000  left 
destitute.  In  the  Michigan  fire  of  1881,  48  townships  were 
burned  over;  a  belt  of  timber  60  miles  in  length  and  10  to 
50  miles  broad  was  destroyed,  more  than  1,000,000  acres 
all  together;  and  138  people  perished. 

The  destruction  in  the  forests  by  fire  is  of  various  kinds.  Green 
First  is  the  destruction  of  the  mature  timber.  The  mature  ^^^ 
trees,  if  dead,  may  be  partly  or  completely  burned;  and  the 
amount  thus  destroyed  is  large.  But  more  important  than 
that  is  the  kiUing  of  the  mature  green  timber.  The  flaming 
slashings  and  debris  burn  the  bark  of  the  trees,  and  they  die. 
Even  where  the  trees  are  not  damaged  so  badly  as  to  die 
within  a  short  time,  they  may  be  greatly  weakened.  This 
is  well  illustrated  in  the  turpentine  region,  where  there  is 
exposed  to  the  flames  the  unprotected  parts  from  which  the 
bark  has  been  removed. 

It  is  estimated  that  between  1880  and  1896  the  average  Amount  of 
annual  loss  of  merchantable  timber  had  a  value  of  $50,000,-  ^  °^' 
000,  varying  in  different  years  between  $25,000,000  and 
$100,000,000.  This  estimate  does  not  take  into  account  the 
killed  timber  which  was  later  removed.  If  the  timber  after 
having  been  killed  but  not  burned  is  cut  within  a  short  time, 
it  may  be  made  available;  and  a  large  amount  of  burned 
timber  is  thus  saved.  For  instance,  after  the  great  fires  of 
1908  in  Minnesota,  Wisconsin,  and  Michigan,  the  larger  part  of 
the  merchantable  timber  that  was  killed  was  saved ;  but  there 
were  remote  and  detached  burnt  areas  from  which  it  is  not 
practicable  to  get  the  timber.  This  material  remains,  after 
a  time  falls,  and  becomes  a  further  menace  to  the  forest. 

But  the  most  serious  loss  by  fire  is  not  in  the  destruction  immature 
of  the  mature  trees,  for  as  we  see  a  large  number  of  these  are  ^^^f' 
saved;  it  is  in  the  destruction  of  the  young  and  growing, 
immature  timber.  This  loss  we  cannot  estimate  accurately, 
because  it  is  difficult  to  determine  the  potential  value  of  young 
forests  which  will  furnish  timber  of  merchantable  size  twenty- 
five  or  fifty  years  hence.     A  minimum  estimate  may  be  made 
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on  the  basis  of  the  cost  of  replanting.  It  does  not  cost  less 
than  $10  an  acre  to  plant  an  area;  and  each  year  there  is 
a  new  area  of  burned  forest  of  about  5,000,000  acres;  and 
many  millions  acres  in  addition,  in  which  the  fires  have  run 
one  or  more  times,  are  burned  over  again.  The  loss  on  the 
minimum  basis  of  reforesting  the  newly  burned  areas  would 
be  $50,000,000  per  annum.  But  this  is  an  underestimate, 
because  the  timber  which  is  destroyed  is  not  three  or  four 
years  old,  as  b  the  case  with  new  plantings;  but  varies  from 
a  few  years  in  age  to  ten  or  fifteen,  or  even  fifty.  The  de- 
struction of  the  young  timber  was  nothing  short  of  appalling 
during  each  of  the  great  fires  mentioned  on  a  preceding  page. 

But  the  destruction  by  fire  is  not  limited  to  the  mature 
timber  and  the  young  growth.  The  forest  fires  have  a  dele- 
terious effect  in  the  distribution  and  composition  of  the  forest. 
The  more  combustible  and  valuable  timbers  are  the  ones 
likely  to  be  destroyed  to  the  greatest  extent;  and  the  less 
combustible  to  be  perpetuated.  Thus  it  is,  where  fires  have 
run  two  or  three  times  in  the  north  or  northwest,  that  great 
areas,  originally  valuable  white  pine,  are  not  reseeded  vnth  that 
species,  but  with  birch,  poplar,  cherry,  and  soft  maple. 
Similarly  in  the  south,  in  place  of  the  long  leaf  and  loblolly 
pine  are  often  the  huckleberry,  the  laurel,  and  the  greenbrier. 
Many  have  the  mistaken  conception  that  pine  will  not  reseed 
itself.  This  belief  b  due  to  the  facts  which  have  just  been 
mentioned.  If  seed  trees  are  left,  or  even  if  a  fire  runs  but 
once,  a  forest  will  reseed  itself  with  valuable  timber;  but 
if  the  fire  runs  once  and  kills  the  mature  trees,  then  again 
when  they  fall,  and  especially  if  it  runs  a  third  time  to  take 
the  last  vestiges  of  the  forest,  the  young  seedlings  are  de- 
stroyed, the  humus  and  the  ungerminated  seeds  are  burned, 
and  the  area  does  not  reseed  itself  with  valuable  timber. 

Another  serious  result  of  forest  fires  is  the  deterioration  of 
the  soil.  The  fires  do  not  simply  confine  themselves  to  the 
timber,  but  they  bum  the  humus  in  the  soil  itself.  Fre- 
quently, after  a  great  forest  fire,  and  especially  if  the  fires 
run  over  the  same  area  two  or  three  times,  there  is  left  of  the 
soil,  sand  and  the  other  minerals,  but  little  or  no  organic 
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material.  In  this  case  there  must  again  begin  the  slow  process 
of  accumulating  a  sufl&cient  amount  of  organic  material  in 
the  soil  before  a  good  growth  of  forest  trees  can  be  secured. 
This  requires  scores  of  years  at  the  very  least.  You  who  are 
familiar  with  areas  where  there  have  once  been  extensive 
valuable  forests,  and  on  which  there  have  run  repeated  fires, 
appreciate  the  barrenness  of  the  soil.  In  the  Lake  Forest 
belt  such  areas  are  often  so  poor  that  jack  pine  and  worthless 
brush  occupy  them.  Also  such  soil  is  almost  useless  for 
agricultural  purposes. 

Another  result  of  forest   fires   is   injury  to   stream   flow.  Unequal 
This  point  is  to  be  considered  in  another  connection.     It  ^^^^^ 
will   be  shown  that   where  forests  are    preserved   on   the 
headwaters  of  the  streams,  this  favors  uniform  flow.    Where 
forest  fires  have  removed  the  timber,  inequality  of  flow  is 
promoted. 

Another  loss  resulting  from  the  destruction  of  forests  by  Increased 
fires,  which  it  is  difficult  to  estimate,  is  the  increased  price  of  ^^^^  ° 
forest  products.  At  the  present  time  high-grade  lumber  is 
several  times  as  expensive  as  it  was  a  few  years  ago.  Indeed, 
clear  white  pine,  which  was  so  abundant  as  to  be  used  for 
many  purposes,  is  now  so  expensive  as  not  to  be  available 
except  for  special  demands.  If  there  were  now  available, 
not  only  the  present  stand,  but  as  much  timber  as  has  been  cut, 
the  price  of  the  forest  products  would  not  have  so  rapidly 
increased.  The  cost  of  the  timber  to  the  people  would  be 
less  by  many  millions  of  dollars  a  year;  we  cannot  tell  by  how 
many,  but  certainly  by  many  millions  of  dollars. 

Finally,  there  is  the  indirect  loss  which  comes  from  the  Relations  of 
destruction  of  a  natural  resource.    Where  natural  resources  are  resources 

and  towns. 

abundant  and  available,  they  are  an  easy  source  of  wealth 
to  the  people.  The  timber  reserves  of  the  country  have  led 
to  the  establishment  of  hundreds  of  villages  and  towns, 
which  have  been  supported  by  timber  manufacture.  As  a 
farther  result  the  general  wealth  of  the  country  was  increased. 
Already  in  the  northern  lake  country  many  lumber  towns 
have  become  stationary;  and  some  of  them  have  already 
begun  to  go  back,  because  of  a  deficient  supply  of  material 
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for  the  basal  industry  upon  which  they  were  founded.  Were 
the  timber  which  has  been  burned  still  available,  the  life  of 
these  towns  would  have  continued  through  many  years  in 
the  future.  This  great  loss  of  a  natural  resource  we  cannot 
estimate,  but  we  know  that  for  the  nation  as  a  whole  it  ha.s 
been  enormous. 

THE  CONTROL  OF  FIBBB 

We  shall  next  consider  the  control  of  fire.  The  forest  fire 
record  of  the  past  is  appalling;  shall  we  continue  that  record, 
or  shall  we  rise  to  the  emergency  and  stop  this  criminal  waste? 
As  showing  the  possibilities  in  this  matter  it  may  be  said 
that  of  the  7,000,000  acres  of  forest  in  Prussia,  the  average 
area  burned  over  each  year  is  only  1400  acres,  or  one  fiftieth 
of  one  per  cent.  What  must  be  done  to  obtain  a  similar  con- 
dition in  this  country? 
Foreat  First,  and  most  important,  is  a  regular  patrol  of  the  forest"^ 

patrol.  during  the  fire  season.     It  is  not  sufficient  to  have  fire  wardens 

whose  duties  in  reference  to  forest  fires  are  only  incidental. 
There  must  be  in  each  of  the  great  forests  a  regular  patrol, 
just  as  there  is  in  the  city  a  police  patrol  to  maintain  conditions 
of  peace  and  safety  in  the  streets.  A  regular  patrol  has  been 
found  to  be  the  only  effective  method  of  checking  and  control- 
ling forest  fires.  Such  a  patrol  has  been  found  to  cost,  not 
to  exceed  two  cents  to  three  cents  per  annum  per  acre.  Where 
there  is  a  patrol,  the  cautionary  laws  can  be  enforced  upon 
those  who  travel  in  the  forest;  and  when,  notwithstanding 
this,  an  exceptional  fire  occurs,  the  rising  smoke,  seen  for 
many  miles,  gathers  the  patrolmen  from  all  directions  to  take 
part  in  putting  out  the  fire.  An  effective  patrol  system  re- 
quires that  cabins  be  constructed  at  regular  intervals  for  the 
use  of  the  rangers.  These  cabins  should  be  well  supplied 
with  tools  necessary  to  fight  fire.  As  supplements  to  the 
above,  there  should  be  a  system  of  trails  and  roads,  telephone 
lines,  and  in  some  districts  watch  towers. 
Fire  lanes.  Notwithstanding  all  these  precautions  an  occasional  fire 
may  get  started  which  it  is  impossible  or  very  difficult  to  check. 
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Hence  there  should  be  belts  on  which  the  fight  may  be  made. 
Such  a  belt  is  the  fire  lane  —  a  lane  in  the  woods  from  which 
everything  is  cleared  for  a  width  of  15  to  100  feet,  depending 
upon  the  conditions  of  the  forest.  In  highly  inflammable 
woods  of  great  height  the  lane  must  be  wide;  if  the  forest 
is  small  the  lane  may  be  narrow. 

Where  the  conditions  are  as  advocated,  when  a  fire  breaks 
out,  it  is  possible  to  converge  a  force  to  put  out  the  fire  at 
once;  or  if,  in  a  rare  case,  it  gets  beyond  control,  it  can  be 
checked  at  a  fire  lane.  We  in  the  United  States  may  well 
learn  from  Ontario.  All  the  great  forests  which  still  belong 
to  that  province  are  regularly  patrolled  during  the  summer 
months.  There  is  a  well  distributed  system  of  rangers' 
cabins  with  connecting  trails  and  water  routes.  The  result 
is  that  the  fires  are  few,  and  rarely  does  one  become  extensive. 

In  the  second  place,  slashings  should  be  burned.  The  Burning  of 
greatest  menace  in  the  forest  is  the  accumulated  debris,  and  ^^^^^^s^- 
especially  the  slashings  from  lumbering.  The  lumberman 
goes  into  the  woods,  takes  out  the  logs,  and  leaves  the  tops, 
limbs,  and  twigs.  In  the  future,  as  has  already  been  ex- 
plained, we  should  use  these  materials  for  their  by-products; 
but  until  this  is  practicable  from  a  commercial  point  of  view, 
they  must  be  burned.  If  we  could  keep  out  the  fires,  it  would 
be  better  to  let  the  debris  remain,  because  by  their  decay  they 
add  to  the  organic  material  in  the  soil;  but  as  a  matter  of 
practical  expediency,  they  are  so  serious  a  source  of  danger 
that  this  advantage  does  not  at  all  compensate  for  the  danger 
to  the  living  forest. 

As  a  result  of  actual  experience  it  has  been  found  that  the 
cost  of  burning  slashings  from  soft  wood  may  be  from  as  low 
as  15  cents  or  20  cents  per  thousand  feet  of  board  measure 
to  50  cents  or  more,  depending  upon  the  character  of  the 
forests.  The  slashings  of  a  clear  Norway  forest  can  be  very 
cheaply  burned.  To  burn  the  slashings  of  white  pine  is  more 
expensive.  As  yet  there  is  little  experience  as  to  the  cost  of 
burning  the  slashings  of  hemlock  and  hardwood  forests. 
Some  estimates  are  as  low  as  40  cents  per  thousand  feet  board 
measure,  and  others  exceed  $  1  or  more  per  thousand  feet. 

R 
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Railroads  The  bumings  of  slashings  should  be  done  under  proper 

J^  regulations,    and  should  not   be  permitted  during  a  dry 

period.  The  laws  of  a  number  of  states  require  spark 
arresters  on  locomotives;  such  laws  should  be  in  force  in 
all  states  where  the  forests  are  important.  We  have  seen 
that  locomotives  are  one  of  the  chief  causes  of  the  fires. 
No  locomotive  should  be  allowed  to  go  through  a  valuable 
forest  without  a  spark  arrester.  Also  the  railroads  should 
be  required  to  keep  the  rights  of  way  clear  of  debris  so  as 
not  to  be  a  menace  to  the  forest  on  either  side. 

During  the  dangerous  season  the  burning  of  brush  by 
farmers  and  settlers  should  be  permitted  only  under  state 
regulations.  Permission  should  be  obtainable  from  the  patrol 
or  the  fire  warden.  Frequently  where  such  regulations  are 
not  enforced  fires  get  beyond  control,  and  spread  into  the 
surrounding  forest. 
Camp.firea.  There  should  be  laws  forbidding  the  making  of  camp 
fires  at  dangerous  places,  or  leaving  fires  burning.  The  care- 
lessness of  the  camper  is  most  surprising.  Intelligent  people 
with  good  intentions  on  a  camping  trip  make  a  fire  close  to 
or  in  contact  with  debris.  Oftentimes  the  fire  spreads  beyond 
their  control.  Also  campers  often  leave  their  fire  burning 
when  they  break  camp.  Such  reckless  acts  are  very  repre- 
hensible, not  to  say  criminal.  Against  such  practices  there 
are  laws  in  most  of  the  forest  states;  but  in  order  to  make  them 
effective  the  forests  must  be  patrolled  and  the  forest  rangers 
and  fire  wardens  must  have  ample  authority  to  enforce  them. 
They  should  have  full  police  power,  and  should  arrest  and 
prosecute  violators  of  any  of  the  laws  necessary  to  protect 
the  forest. 

In  the  national  forest  reserve  the  burning  of  slashings  is 
compulsory.  The  same  b  true  by  order  of  the  Department 
of  the  Interior  in  reference  to  the  Chippewa  Indian  lands  in 
Wisconsin.  The  state  of  Minnesota  has  also  passed  a  com- 
prehensive law  which  requires  the  burning  of  slashings  of  all 
classes  of  timber.  This  law  prescribes  not  only  that  the  slash- 
ings shall  be  burned,  but  the  conditions  under  which  this 
shall  be  done,  especially  with  reference  to  the  time  of  year, 
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so  as  to  reduce  injury  to  the  standing  timber  and  to  lessen 
the  danger  of  fires  spreading. 

It  is  clear  that  appropriate  laws  in  reference  to  the  burning 
of  slashings  should  be  passed  in  each  state.  No  definite  form 
can  be  enunciated,  since  the  conditions  vary  in  different 
states  with  reference  to  humidity,  character  of  forest,  value 
of  timber;  and  laws  which  would  be  reasonable  under  one  set 
of  conditions  would  be  unreasonable  under  another.  Prob- 
ably the  best  solution  for  a  given  state  will  lie  in  a  general 
law  declaring  that  slashings  shall  be  burned  so  far  as  prac- 
ticable, and  authorizing  a  commission  to  make  suitable 
regulations  adapted  to  the  conditions.  Such  regulations 
could  vary  in  reference  to  the  kinds  of  timber  and  be 
different  in  those  parts  of  the  state  where  the  forests  are  con- 
tinuous from  where  they  are  detached  areas. 

What  are  the  results  which  have  been  accomplished  where  Fires  in 
the  measures  and  regulations  above  mentioned  have  been  J^ational 
introduced  and  made  effective?  As  yet  this  is  only 
the  case  in  the  United  States  in  the  National  Forests. 
There  within  the  last  two  or  three  years  we  have 
reached  an  efficiency  approaching  that  of  Prussia.  The 
United  States  Forest  Service  has  a  forest  patrol;  it  has 
rangers'  cabins;  it  has  fire  lanes;  it  has  telephone  communica- 
tions; it  has  watch  towers;  it  has  in  force  regulations  as  to 
the  burning  of  slashings,  of  camp  fires,  etc.  In  1904  the  area 
burned  over  in  the  national  forests  was  .66  of  1  per  cent; 
in  1907  the  improved  efficiency  of  the  department  had  re- 
duced the  area  to  .02  of  1  per  cent,  the  standard  of  Prussia. 
Then  came  the  dry  year  of  1908,  in  which  there  was  an  increase 
of  forest  fires,  the  stand  destroyed  being  .06  of  1  per  cent. 

As  yet  the  states,  with  one  or  two  exceptions,  have  done  com- 
paratively Httle  toward  the  control  of  fire.  In  New  York 
and  New  Jersey  there  are  efficient  fire  laws.  A  beginning  has 
been  made  in  Pennsylvania,  Minnesota,  Wisconsin,  Maine, 
Maryland,  Connecticut,  Washington,  and  California;  but 
none  of  these  states  have  an  efficient  patrol;  and  only  one  of 
them  requires  the  burning  of  slashings,  which  is  absolutely 
essential  in  order  to  make  a  fire  patrol  effective. 
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Codpcrative  In  the  protection  of  the  forests  from  tires  it  will  be  most 
^^'^  °  advantageous  in  those  states  where  both  the  government  and 
state  own  public  forest  for  the  two  to  cooperate;  also  it  will 
be  advantageous  for  the  government  and  states  to  cooperate 
with  the  larger  private  holders.  By  such  cooperation  the 
cost  per  acre  of  the  forest  patrol  and  other  necessary  steps 
for  protection  will  be  reduced.  Already  such  cooperation 
has  been  entered  into  by  the  United  States  government  wiiii 
some  of  the  larger  timber  owners  of  the  states  of  Washington, 
Oregon,  California,  and  Idaho. 
Cost  of  As  yet  only  a  few  of  the  largest  and  most  enlightened  of  the 

patrol.  private  owners  of  forests  have  a  fire  patrol.    It  is  estimated 

that  of  the  450,000,000  acres  of  forest  owned  privately  not 
more  than  1  per  cent  has  an  efficient  system  of  fire  protec- 
tion.* Such  a  system  is  not  needed  in  the  case  of  the  isolatetl 
woodlots  which  cover  200,000,000  acres;  but  is  necessary  in 
the  case  of  the  large  and  extensive  holdings,  and  especially 
those  in  which  the  soft  woods  predominate.  Experience  has 
shown  in  the  case  of  a  few  large  companies  that  have  intro- 
duced fire  patrol,  in  the  states  of  Idaho,  Washington,  and 
California,  that  the  cost  is  at  the  rate  of  about  2  cents  per  acre 
per  annunr  .  Had  a  fire  patrol  been  in  force  in  the  lake  states 
in  the  yea.  1908,  undoubtedly  many  times  the  cost  would  have 
been  saved  to  the  lumbermen  in  the  reduction  of  their  fire 
losses.  Taking  the  years  as  they  come,  wet  and  dry  togctln  t, 
had  the  lumbermen  many  years  since  introduced  at  Hm  ir 
own  expense  a  system  of  fire  patrol  in  all  of  the  great  conifer- 
ous forests,  it  would  have  been  immensely  profitable  to  them ; 
it  would  have  been  the  best  investment  they  could  have 
made. 

7.    REFORESTATION' 

Area  It  is  necessary  in  order  to  increase  our  wood  production 

r^*o"rM^*       to  do  extensive  planting.     We  have  seen  that  where  a  fire  has 
tation.  run  only  once,  where  seed  trees  of  proper  species  are  left  and 

*  "Forest  Fires,"  by  Clyde  Leavitt,  Report  National  Conaeivation  Com- 
mission, Vol.  II.  p.  462. 

'  Forest  Planting,  by  A.  S.  Peck.  Report  National  Conservation  Com- 
mission, Vol.  II,  pp.  668-683. 


Plate  IV.  —  Grove  of  hardy  catalpa,  Kansas.    Photo  by  Forest  Service. 


Plate  V.  —  White  Pine,  fifty  years  old,  Bridgewater,  Maas.     Photo  by  Forest  Service. 
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the  slopes  not  too  steep,  the  denuded  areas  will  reforest  them- 
selves. But  it  has  been  explained  that  where  fires  have  run 
several  times,  this  is  not  the  fact.  Also  there  are  extensive 
areas  in  which  the  stands  of  timber  are  of  such  poor  quality 
that  replanting  is  necessary.  It  is  estimated  by  Peck  that 
there  are  some  39,500,000  acres  of  cut-over  and  burned-over 
forest  land,  which  it  is  necessary  to  reseed  by  artificial  meth- 
ods, in  order  that  valuable  timber  shall  again  occupy  the  land. 
He  also  estimates  that  there  are  some  16,500,000  acres  of 
treeless  land  so  poor,  or  in  such  positions,  that  it  should  be 
forested;  making  all  together  56,000,000  acres  of  land  which 
should  be  forested  by  setting.  Other  estimates  go  as  high  as 
80,000,000  acres  of  such  land.  To  plant  this  land  will  cost 
about  $10  per  acre.  Thus  to  do  this  work  would  involve  a  very 
large  expense,  and  will  require  a  considerable  number  of  years. 

8.     MAINTENANCE  OF  FORESTS   ON  ESSENTIAL  AREAS  ^ 

Forests  should  be  permanently  retained  in  certain  essential 
areas,  such  as  high  altitudes,  steep  slopes,  the  source  and 
banks  of  large  streams,  sand  dunes,  etc. 

First,  forests  should  be  maintained  on  steep  slopes  and  high  Absorption 
altitudes  because  they  tend  to  prevent  floods.  Beneath  the  ^  T^^^^g 
trees  of  a  forest  a  thick  mantle  of  leaves  and  twigs  covers  the 
ground.  These  rest  upon  mold  which  is  largely  humus, 
and  is  very  porous.  All  of  this  material  is  like  a  sponge  in 
absorbing  water.  Leighton  ^  estimates  that  forest  soil  is  capa- 
ble of  absorbing  several  inches  of  rainfall,  with  comparatively 
little  run-off.  Also,  the  surface  of  the  ground  in  the  forest 
as  a  result  of  the  prying  of  roots,  overturned  trees,  etc.,  is 
extremely  irregular,  and  so  gives  numerous  basins  to  hold 
water  until  it  can  be  absorbed.  The  water  absorbed  passes 
underground  and  reaches  the  streams  very  slowly  through 
seepage  and  springs.     Therefore  the  forest  cover,  the  mold, 

*  "Methods  of  Increasing  Forest  Productivity,"  by  E.  E.  Carter,  Report 
National  Conservation  Commission,  Vol.  II,  pp.  270-279. 

2  "  The  Relation  of  the  Southern  Appalachian  Mountains  to  Inland  Water 
Navigation,"  by  M.  O.  Leighton  and  A.  H.  Horton,  Department  of  Agri- 
culture, Forest  Service  Circular  143. 
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and  the  basins  act  as  restraining  influences  and  prevent  the 
water  from  rapidly  reaching  the  streams.  In  the  winter, 
in  the  northern  half  of  the  United  States  and  in  mountainous 
areas,  the  precipitation  is  in  the  form  of  snow.  As  the  snow 
melts  the  forest  mold  acts  as  an  absorbent,  although  perhaps 
not  so  effectively  as  in  the  summer,  and  the  shade  of  the  trees 
results  in  slow  melting.  Therefore  where  forests  are  main- 
tained the  snow  melts  more  slowly  than  on  the  open,  and  the 
water  makes  its  way  less  rapidly  to  the  streams. 

Second,  forests  restrain  erosion.  The  tangle  of  roots 
of  the  forest  prevents  wash,  or  reduces  it  to  a  minimum. 
It  has  taken  ages  to  produce  the  soil  and  gravel  on  the  steep 
slopes  of  the  mountains.  This  material  is  held  in  place  by 
the  roots  of  the  trees.  When  the  forests  are  removed  it  may 
be  carried  down  in  enormous  quantities  to  the  valleys  below. 
This  results  in  choking  the  rivers  with  debris  and  making 
navigation  difficult  or  impracticable.  Not  only  so,  but  after 
the  rivers  are  partly  filled  with  silt,  at  times  of  flood  they 
overflow  their  banks  and  often  cover  with  coarse  debris  large 
areas  of  arable  land.  When  this  process  of  erosion  has  con- 
tinued for  a  suflScient  length  of  time  after  the  removal  of  the 
forests,  the  steep  mountains  are  left  with  nearly  bare  rock 
and  little  soil.  When  this  stage  of  the  process  has  been 
reached  the  violence  of  the  floods  is  then  further  greatly 
increased.  The  rain  falling  upon  the  bare  rocks  is  carried 
down  to  the  streams  below  as  from  the  roof  of  a  house,  and 
unites  in  torrential  floods.  It  is  after  this  condition  of  affairs 
has  come  about  as  a  result  of  the  removal  of  the  forests  that 
the  enormous  flood  losses  occur  to  railroads,  cities,  and  other 
structures  of  man.  This  will  be  illustrated  by  the  situation 
in  foreign  countries  to  be  mentioned  later. 

While  in  the  long  run  the  evidence  appears  to  be  conclusive 
that  forests  on  the  headwaters  of  the  streams  do  lessen  the 
severity  of  the  floods,  it  is  not  held  that  their  presence  will 
prevent  floods  in  all  cases.  As  already  indicated,  the  best  pro- 
tection against  floods  is  provided  by  a  combination  of  forests 
and  reservoirs.  (See  pp.  125-129.)  But  even  if  forests  are  re- 
tained in  essential  areas  and  reservoirs  are  built  to  hold  back 
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all  the  water  possible,  it  will  still  be  true  that  at  times  of  ex- 
traordinary large  rainfall,  or  exceptionally  rapid  melting  of  the 
snow  under  the  influence  of  warm  winds,  or  especially  the  two 
combined,  there  will  be  floods.  Under  such  circumstances  it 
is  occasionally  the  case  that  even  the  absorbent  power  of  the 
forests  and  the  capacity  of  the  reservoir  are  insuflScient  to 
care  for  more  than  a  fraction  of  the  storm  waters;  and  the 
surplus,  when  large,  as  it  will  be  occasionally  under  the  best 
of  conditions,  may  produce  disastrous  flood  losses. 

However,  the  above  general  principles  are  fully  confirmed  The  lesson 
by  the  experience  of  other  countries,  which  have  allowed  their  from  other 

.  1    1     r     1     '     f  ii«  countnes. 

mountams  to  be  denuded  of  their  forests ;  and  this  country 
already  furnishes  examples  of  increased  erosion  and  irregu- 
larity of  the  streams  because  of  the  removal  of  the  forests. 
The  lessons  furnished  by  other  countries  and  by  the  existing 
illustrations  in  this  country  should  be  a  sufficient  warning  to 
us.  We  should  never  permit  the  steep  slopes  of  the  moun- 
tainous regions  to  be  further  denuded  of  their  forests. 

In  Italy,  the  Apennines  have  been  denuded  of  their  forests ;  The 
and  as  a  result  there  has  been  greatly  increased  destruction  ^^^^^ 
by  the  Po.  This  has  led  the  government  to  begin  reforesta- 
tion of  nearly  a  million  acres.  In  Austria  the  mountains  have 
been  extensively  deforested,  with  the  result  that  great  floods 
have  occurred  on  the  Tyrol  and  the  Karnton.  To  remedy 
this  the  government  has  begun  reforestation  on  the  head- 
waters of  one  hundred  streams. 

But  perhaps  the  most  impressive  illustration  in  Europe  Theforest- 

of  the  destructive  effects  of  deforestation  of  the  mountains  is  1®^^  moun- 
tains of 

furnished  by  France.  The  Provengal  Alps  and  other  moun-  France, 
tains  have  been  denuded  of  their  forests;  and  as  early  as  1861 
reforestation  was  begun.  ^^  France  has  now  a  far-reaching 
plan  for  bringing  under  control  about  3000  torrential  streams 
in  the  Alps,  Pyrenees,  Cevennes,  and  the  central  plateaus." 
According  to  information  furnished  by  Cox,  of  the  United 
States  Forest  Service,  by  the  end  of  the  nineteenth  century 
about  400,000  acres  had  been  acquired,  of  which  218,000  had 
been  planted.  It  is  planned  to  continue  to  acquire  land  at 
the  rate  of  25,000  to  30,000  acres  a  year  until  425,000  more 
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acres  are  secured.  The  government  expense  up  to  1910, 
aside  from  the  cooperative  expense  of  corporations  and  private 
owners,  was  approximately  $17,000,000,  of  which  more  than 
$5,000,000  was  expended  for  purchases.  It  is  estimated 
that  to  complete  the  plan  will  require  between  $20,000,000 
and  $25,000,000  additional ;  and  that  with  an  annual  expen- 
diture of  $600,000  this  will  be  possible  by  1945.* 

In  France  the  great  flood  of  1910  has  resulted  in  enor- 
mous loss  of  prop)erty  and  many  lives.  A  considerable 
part  of  the  beautiful  city  of  Paris  has  been  under  water, 
and  some  of,  its  most  famous  buildings  have  been  greatly 
injured.  It  is  not  to  be  supposed,  even  if  the  work  of  re- 
forestation had  been  completed,  or  that  work  combined  with 
the  development  of  a  reservoir  system,  that  they  would 
have  been  sufficient  to  prevent  a  disastrous  flood;  but  it  is 
believed  that  the  extent  of  the  calamity  would  have  been 
reduced,  and  probably  the  lessening  of  the  damage  due  to  the 
flood  would  have  more  than  paid  for  the  entire  cost  of  refores- 
tation of  all  the  denuded  mountains  at  the  headwaters  of  the 
Seine. 

The  1910  flood  is  not  the  first  that  Paris  has  suffered, 
although  the  damages  of  that  year  were  larger  than  ever 
before.  Great  floods  occurred  in  the  sixth,  thirteenth,  and 
fourteenth  centuries;  and  in  1615,  1740,  and  1802.  The 
1615  flood  was  probably  as  great  as  that  of  1910.  The  fact 
that  the  four  last  great  floods  average  about  a  century  apart 
gives  an  excellent  illustration  of  the  principle  that  forest 
removal  may  be  continued  for  a  long  time  before  the  profound 
disaster  follows.  The  early  recorded  floods  show  as  indicated 
(pp.  246-247)  that  even  before  forests  are  removed  floods  may 
occur;  the  point  is  that  by  forest  removal  their  destructive 
effects  are  greatly  augmented. 

Vast  areas  in  China  which  were  once  heavily  covered  by 
forests  are  now  completely  denuded  of  timber;  and  as  a 
result  immense  quantities  of  debris  have  gone  down  into  the 

*  RelatioD  of  Forests  to  Stream  Control,  by  Oifford  Pinchot.  Annals  of 
the  American  Academy  of  Political  and  Social  Science,  Vol.  XXXI,  January, 
1908,  pp.  21&-228. 
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streams,  checking  them  and  at  times  of  flood  the  waters 
spread  over  the  valley  lands. 

These  ilUustrations  show  that  the  removal  of  the  forests 
from  the  headwaters  of  the  streams  has  been  an  excessively- 
expensive  experience  to  many  countries. 

That  similar  procedure  in  this  country  yields  like  results  is  Deforesta- 
shown  by  the  actual  conditions  in  areas  where  some  streams  ^}P^.}^  . 

California. 

have  been  deforested  and  others  not.  The  north  fork  of  the 
Yuba  River  in  the  Sierras  of  California  is  forest-covered,  and 
the  south  fork  has  been  denuded.  The  first  has  a  watershed 
of  139  square  miles,  and  the  second  a  watershed  of  120  square 
miles.  The  first,  well  covered  with  timber  and  brush,  gives 
a  minimum  run-off  of  113  cubic  feet  per  second.  The  second 
should  have  given  a  minimum  run-off  of  about  100  cubic  feet 
per  second,  but  it  is  said  to  be  practically  nothing  for  four 
months  in  the  year.^ 

Again,  Queen's  Creek  in  Arizona,  having  a  drainage  area  Contrast 
of  143  miles,  where  the  annual  rainfall  is  only  fifteen  inches,  J^^^^^d     d 
which  has  an  unforested  watershed,  is  subject  to  violent  floods,  forestiess 
The  maximum  discharge  in  1896  was  9000  cubic  feet  per  sec-  mountains, 
ond ;  whereas  the  mean  discharge  was  only  fifteen  cubic  feet 
per  second,  and  during  a  large  part  of  the  year  the  stream     ' 
was  dry.     In  contrast  with  this  is  Cedar  Creek  in  Washington, 
flowing    over  well-timbered  watersheds,  having   a   drainage 
area  equal  to  that  of  Queen's  Creek,  and  a  precipitation  of 
from  93  to  perhaps  150  inches.     This  stream  in  1907  had  a 
maximum  flood  discharge  of  3600  cubic  feet  per  second,  and 
a  mean  discharge  of  over  1000  feet.     According  to  Pinchot, 
"This  radical  difference  in  the  behavior  of  the  two  streams 
can  be  explained  only  by  the  difference  in  the  soil  cover  of  the 
two  basins." 

Contrasts  similar  to  those  prevaiHng  between  the  north  TheSan 
and  south  forks  of  the  Yuba  River  are  also  found  in  streams  fountains 
flowing  from  the  San    Bernardino  Mountains  of  southern 
California.     There  the  streams  which  are  deforested  have  a 
very  heavy  flow  at  times  of  rainfall  or  shortly  after,  and  a 
very  small  flow  during  the  remainder  of  the  season;  whereas 

»  Loc.  ciL,  pp.  222-224. 
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the  streams  which  are  forested  are  much  less  violent  in  their 
fluctuations. 

For  these  mountains,  quantitative  statements  may  be 
made  as  a  result  of  studies  by  Tourney  and  Prentice.  They 
found  that  by  the  end  of  March  the  forested  areas  of  the 
mountains  had  lost  40  per  cent  of  the  winter's  precipitation ; 
whereas  the  cut-over  and  burned-over  country  had  lost 
95  per  cent.  In  the  season  when  irrigation  was  needed,  the 
forested  areas  in  April  sent  down  from  every  square  mile 
enough  water  to  cover  155  acres  a  foot  deep,  whereas  the  cut- 
over  barrens  supplied  but  55  acres  with  the  same  depth  of 
water;  in  May  the  relative  numbers  were  66  and  2;  in  June 
a  square  mile  of  forest  still  supplied  enough  water  to  cover 
28  acres  a  foot  deep,  whereas  no  water  came  from  the  cut 
and  burned-over  areas.' 

Fortunately  as  the  result  of  the  reservations  of  the  national 
forests  and  national  parks,  the  high  mountains  of  the  West 
in  which  the  conditions  are  critical  are  to  retain  permanently 
their  protective  covering.  This  leaves  as  the  one  great 
critical  unprotected  area  the  southern  Appalachians. 
Hydraulic  Before  considering  this  region  we  may  mention  hydraulic 
mining.  operations  in  certain  limited  areas  on  the  headwaters  of  the 
Sacramento.  These  have  led  to  the  choking  of  that  stream 
80  that  there  has  been  enormous  damage  to  the  lowlands  below 
and  vast  injury  to  navigation.  Indeed,  the  damage  to  the 
fanner  was  so  great  that  unreetricted  hydraulic  operations 
are  prohibited.  The  debris  may  be  sent  into  the  streams 
only  to  such  amounts  as  they  are  able  to  handle. 
The  Appa-  If  the  forests  be  wholly  removed  from  the  southern  Appa- 
lachians a  disaster  would  occur  one  hundredfold  worse  than 
an>'thing  that  befell  California  from  the  relatively  small 
amount  of  debris  from  hydraulic  operations.  The  southern 
Appalachians  for  the  most  part  are  protected  by  a  dense 
forest,  which  springs  from  a  thick  soil  produced  by  the  disin- 
tegrated rock.  The  Appalachians  have  flat-topped  ridges  or 
domes  with  very  steep  slopes.   If  the  vegetation  were  removed 

« "  The  Water  Savere,"  Walter  V.  Woehlke,  Outlook,  Mar.  26.  1910, 
p.  663. 


FORESTS  251 

from  the  latter,  the  abundant  rains  of  that  area  gathered  into 
streams  would  carry  enormous,  indeed,  incalculable  masses 
of  material  to  the  valleys  below.  The  headwaters  of  the 
Tennessee  and  Ohio  would  be  silted  up.  The  great  Appala- 
chian valley  would  be  injured  beyond  computation,  as  would 
also  other  extensive  tracts.  We  can  make  no  estimate  in 
money  as  to  the  damage  which  would  result  from  the  removal 
of  the  southern  Appalachian  forest.  The  experience  of 
other  countries  should  be  sufficient  to  teach  us  not  to  go  through 
that  of  France  and  China.  If  it  does  not,  a  democracy  must, 
indeed,  be  incapable  of  wisdom. 

Close  studies  by  Leighton,  Hall,  and  Maxwell  of  the  Ap-  increase  of 
palachian  region  lead  them  to  the  conclusion  that  the  be-  ^*^°^ 
ginnings  of  the  removal  of  the  forests  on  the  headwaters  of 
the  streams  have  increased  the  severity  of  the  floods.  For 
the  larger  streams  which  rise  in  that  region  investigations 
have  been  made  for  a  variable  period,  and  the  frequency  of 
the  floods  for  the  first  half  of  the  period  compared  with  the 
second  half.  According  to  Hall  and  Maxwell  ^  eight  of  the 
ten  rivers  studied  show  greater  floods  in  the  last  half  of  this 
period  than  the  first.  These  are  the  Potomac,  the  Monon- 
gahela,  the  Ohio,  the  Cumberland,  the  Wateree,  the  Savannah, 
the  Allegheny,  and  the  Tennessee. 

In  the  case  of  the  Tennessee  River,  the  most  important  of 
the  streams,  a  very  elaborate  study  has  been  made  by  Leigh- 
ton,  taking  into  account  not  only  the  number  of  floods  during 
a  period  of  twenty-four  years,  but  the  number  of  flood-pro- 
ducing rains.  As  a  result  of  his  investigations  he  concludes 
that  the  increase  of  floods  in  proportion  to  the  number  of  flood- 
producing  rains  is  about  19  per  cent. 

As  yet  the  removal  of  the  forests  in  the  Appalachian  region 
has  just  begun;  but  the  studies  which  have  been  made,  and 
especially  those  on  the  Tennessee,  foreshadow  the  awful 
possibilities  which  are  likely  to  befall  if  the  forests  are  generally 
removed  from  the  headwaters  of  its  streams. 

Already  from  time  to  time  there  have  been  severe  floods  on  Floods  of 
the  Ohio  which  have  resulted  in  great  damage;  but  it  is  to  be  ^^°* 

1  U,  S,  Department  of  Agriculture,  Article  176. 
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remembered  in  this  comiection  that  the  great  floods  are  sep- 
arated by  long  periods;  they  may  not  occur  oftener  than  once 
in  a  century.  This  is  illustrated  by  the  modem  great  floods 
of  the  Seine,  between  which  were  intervals  of  about  one 
hundred  years  on  the  average.  To  continue  to  remove 
the  forests  from  the  headwaters  of  the  Ohio  is  but  to  invite 
to  the  cities  along  its  waters  and  the  waters  of  the  Missis- 
sippi,  from  Pittsburg  to  New  Orleans,  disasters  similar  to 
those  which  befell  Paris  in  1910. 

I  am  aware  that  Chittenden'  and  Moore ^  argue  that  the 
removal  of  forests  does  not  tend  to  increase  floods.  They 
hold  that  the  facts  presented  by  Leighton,  Hall,  and  Maxwell, 
in  reference  to  the  Appalachian  region,  are  not  suflBcient  to 
prove  that  there  has  been  an  increase  in  the  frequency  and  in- 
tensity of  floods  because  of  the  removal  of  the  forests.  In 
thiese  general  lectures  I  cannot  possibly  go  into  a  detailed  criti- 
cism of  their  papers,'  but  it  seems  to  me  that  for  this  region 
those  who  hold  that  the  floods  have  increased  in  frequency  and 
violence  because  of  the  removal  of  the  forests  have  the  better 
of  the  argument.  In  any  case  it  remains  to  be  explained  why 
there  is  such  remarkable  discrepancy  in  flood  frequency  in  the 
cases  of  those  streams  which  rise  in  the  same  area,  one  of 
which  has  been  denuded  of  its  forests,  while  the  other  remains 
forest-covered  (see  pp.  24^250). 
DeforeBta-  However,  even  if  the  arguments  of  Chittenden  and  Moore 
were  accepted  with  reference  to  floods  in  the  Appalachian 
region  to  the  present  time,  there  would  still  be  more  than 
sufficient  reason  for  the  maintenance  of  the  forests  in  these 
mountains,  for  the  greatest  losses  due  to  the  removal  of  the 
forests  are  not  the  flood  damages  to  structures  made  by  man, 
but  the  erosion  of  the  soil  in  the  highlands,  with  the  enormous 

*  "Foreata  and  Reservoira  in  their  Relation  to  Stream  Flow,  with  par- 
ticular reference  to  Navigable  Rivers.**  by  H.  M.  Chittenden,  Pape*  No. 
1098,  American  Society  of  CivH  Engineers. 

'  Report  on  The  Influence  of  Forests  on  Climate  and  on  Floods,  by  Willis 
L.  Moore,  Government  Printing  Office,  Washington.  D.  C. 

'  Since  the  above  was  written  there  has  appeared  a  complete  and  detailed 
refutation  of  the  positions  taken  by  Chittenden  and  W.  L.  Moore  by  Bar- 
rington  Moore,  Gilbert  Roth,  L.  C.  Glenn,  and  George  F.  Swain.  The 
may  be  found  in  American  Forestry  for  April,  1910,  pp.  199-240. 
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damages  attendant  upon  carrying  down  vast  quantities  of 
debris  to  the  valleys  below.  This  position  is  proven  beyond 
peradventure  by  the  case  cited  of  hydraulic  mining  in  Cali- 
fornia (see  p.  250).  If  in  the  Appalachians  the  forests  are  re- 
moved and  the  soil  and  disintegrated  rock  material  capable  of 
absorbing  water  are  carried  away  from  the  mountains,  leaving 
the  bare  rocks  protruding,  there  can  be  no  question  that  when 
that  time  comes  the  intensity  and  violence  of  floods  will  be 
increased;  for  there  will  be  little  to  restrain  the  storm  waters 
from  rushing  from  the  uplands  to  the  lowland  in  torrential 
masses.  Therefore  if  the  arguments  of  Chittenden  and  Moore 
be  accepted  that  to  the  present  time  forest  removal  has  not 
promoted  flood  intensity  and  frequency  in  the  East,  there  is 
more  than  ample  reason  for  the  maintenance  of  the  forests 
on  the  headwaters  of  the  streams,  and  above  all  is  this  true 
of  the  Appalachian  region. 

Twice  a  bill  establishing  an  Appalachian  and  White  Moun-  Appalachian 
tain  Forest  Reserve  has  passed  the  United  States  Senate,  5^°^f^^, 
in  June,  1901,  and  in  January,  1907.  Both  of  these  bills  failed 
in  the  House.  In  1909  one  bill  making  an  appropriation  for 
such  a  reserve  passed  the  Senate  and  another  the  House.  Each 
of  these  failed  in  the  other  branch  of  Congress;  and  thus  there 
is  still  no  legislation  upon  the  subject.  It  is  clear,  however, 
that  enlightened  public  sentiment  has  so  developed  that  the 
bill  for  the  acquiring  of  a  national  Appalachian  reserve  will 
become  law  in  the  near  future.  However,  provision  for  a 
national  forest  in  the  Appalachian  Mountains  is  not  suflficient. 
The  states  and  individuals  must  cooperate.  If  the  states  sup- 
plement the  national  appropriations  by  appropriations  to 
make  state  forests,  and  with  the  nation  and  states  the  in- 
dividual holders  cooperate,  each  taking  out  only  the  mature 
timber  and  at  all  times  preserving  the  forest  areas,  the  future 
interests  of  the  nation  will  be  protected. 


reserve. 
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9.    INCREASE  FOREST  GROWTH  BY  STOCKING 
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The  forest  growth  should  be  increased  in  the  present  for- 
ested area.  The  average  growth  of  the  different  forests,  as  I 
have  already  said,  varies  from  something  like  30  to  110  cubic 
feet  per  annum  per  acre,  with  an  average  of  about  28  cubic 
feet  for  the  better  forests  and  only  about  12  cubic  feet  for  t\\v 
entire  forest  and  woodland  area.  It  is  possible  to  increase 
greatly  this  amount.     To  do  this  will  require  several  things :  — 

The  land  must  be  kept  fully  stocked  by  planting  and  seeding. 
At  the  present  time  there  are  nearly  135,000,000  acres  of  forests 
which  are  relatively  unproductive,  because  not  fully  stocked, 
or  stocked  with  very  poor  material.  Also,  of  the  225,000,000 
acres  of  productive  forests  some  80  per  cent  have  not  more 
than  one  half  of  the  stock  they  could  carry;  this  would  be 
equivalent  to  80,000,000  acres  with  no  stock  whatever.  Al- 
together this  makes  something  like  215,000,000  acres  which 
really  need  to  be  restocked,  in  addition  to  the  56,000,000  acres 
already  considered  upon  which  replanting  is  necessary. 

In  the  restocking  there  should  be  introduced  the  rapidly 
growing  and  valuable  species,  —  spruce,  white  pine,  and  other 
productive  trees  where  the  coniferous  forests  are  prevalent ; 
and  tulip,  poplars,  catalpa,  eucalyptus,  and  other  rapidly 
growing  trees  in  the  hardwood  areas. 

Frequently  the  best  stands  are  produced  by  combining  two 
kinds  of  trees.  One  class  of  trees  is  very  eager  for  the  sim ; 
another  class  will  grow  fairly  well  in  partly  shaded  areas.  By 
combining  trees  of  the  two  classes  a  heavier  stand  can  be  se- 
cured than  by  one  alone.  In  many  places  this  is  accomplish  (( 1 
under  natural  conditions;  for  instance,  on  the  Pacific  slope  the 
Douglas  fir  is  the  dominant  tree,  and  in  its  shade  are  the  hem- 
lock and  red  cedar.  Similarly  in  the  Rocky  Mountain  region 
under  the  lodge-pole  pine  may  be  found  spruce  and  white  fir. 
In  the  hardwood  region,  below  the  tulip  tree  there  may  be  seen 
the  beech  and  maple.     In  Silesia  an  experiment  has  shown 


*  "Method  of  Increasing  Forest  Production,' 
Vol.  U,  pp.  270-279. 
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that  land  stocked  with  a  mixture  of  spruce  and  pine  gave  a 
larger  yield  by  18  per  cent  than  spruce  alone,  and  by  28  per 
cent  than  pine  alone. 

10.  BATTLE  WITH  INSECT  PESTS » 

In  order  to  gain  the  largest  annual  increase,  it  is  necessary  Kinds  of 
to  battle  with  the  insect  pests.  These  under  natural  con-  ^^^^^} 
ditions  in  the  primeval  forests  are  pretty  well  under  control; 
but  as  soon  as  a  forest  is  cut  in  part,  or  if  a  forest  is  reseeded, 
the  insect  pests  become  more  numerous  and  more  difficult  to 
control.  The  subject  is  a  very  complicated  one,  which  can- 
not be  more  than  mentioned  here.  The  insect  pests  include 
beetles,  worms,  and  moths.  They  attack  fine  forests  and 
destroy  them  over  extensive  areas.  Also  over  very  large 
areas  where  they  do  not  actually  kill  the  trees  they  weaken 
them  and  make  them  less  valuable.  At  the  present  time 
in  the  eastern  part  of  the  United  States,  New  Haven, 
Boston,  and  other  cities,  and  even  New  England  villages,  are 
having  a  severe  struggle  to  keep  alive  their  elms,  the  pride  of 
the  people.  Indeed  in  Cambridge  and  a  number  of  other 
towns,  it  looks  as  if  they  all  would  go,  notwithstanding  the 
best  efforts  to  save  them. 

It  is  almost  impossible  to  completely  destroy  the  insect 
pests.  The  most  successful  methods  have  been  those  which 
have  worked  with  nature  through  the  encouragement  of  bene- 
ficial birds,  beneficial  insects,  and  beneficial  diseases.  Par- 
asites are  introduced  that  will  attack  objectionable  insects 
exactly  as  the  objectionable  species  attack  the  trees.  This 
problem  of  the  control  of  insect  pests  is  one  which  will  require 
long  continuing  investigations  by  entomologists,  especially 
now  that  we  are  starting  on  a  great  era  of  planting;  for  in  the 
work  of  reforestation  new  insect  problems  will  begin  to  con- 
front us. 

1  "Waste  and  Reduction  of  Timber  Supplies  Caused  by  Insects,  and 
Methods  of  Prevention  and  Control,"  by  A,  D.  Hopkins.  Report  of  National 
Conservation  Commission,  Vol.  II,  pp.  469-497. 
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IX.    SUBSTITUTION   OF  OTHER  PRODUCTS  FOR   WOOD 
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So  far  as  practicable  other  products  should  be  substituted 
for  wood.  In  America  the  houses  in  the  country  and  in  villages 
are  mainly  of  wood,  as  are  also  a  large  proportion  of  them  in 
the  cities.  We  are  still  using  wood  for  the  making  of  many 
bridges.  In  other  civilized  countries  houses  and  bridges  are 
very  rarely  made  of  wood.  These  and  other  structures  which 
require  a  large  amount  of  material  sliould  be  made  of  stone, 
cement,  brick,  and  steel, —  permanent  materials  making  durable 
structures.  This  reform  would  reduce  by  one  third  the  de- 
mands upon  our  wood  supply.  Similarly  steel  should  be  sub- 
stituted for  wood  for  railway  cars.  In  the  past  this  has  been  a 
heavy  draft  upon  wood.  The  steel  car  is  stronger  than  the 
wooden  car  can  possibly  be,  and  is  more  durable.  This  sub- 
stitution has  already  begun.  No  new  cars  should  be  made  of 
wood.  Metal  should  to  a  considerable  extent  be  a  sub- 
stitute for  wood  for  furniture  and  implements.  This  has 
already  b^un.  Shelves  in  libraries  are  made  of  steel.  For 
wagons  and  agriculture  implements,  metal  is  to  a  larger  and 
larger  extent  displacing  wood.  To  some  extent  also  iron  is 
being  substituted  for  railway  tics,  but  as  yet  this  has  not  taken 
place  upon  a  large  scale. 

Another  great  advantage  which  will  come  from  the  sub- 
stitution of  metal  for  wood,  will  be  to  reduce  fire  losses.^  In 
1907  the  fire  losses  of  the  United  States  amounted  to 
$215,000,000,  of  which  about  $109,000,000  was  in  buildings, 
and  about  $106,000,000  in  the  contents.  The  frame  buildings 
and  their  contents  amounted  to  about  $146,500,000,  brick  and 
other  buildings  and  their  contents  to  about  $68,500,000. 

The  above  does  not  represent  the  total  losses  from  fire, 
because  in  consequence  of  the  inflanmiable  character  of  many 
of  our  cities  it  is  necessary  to  maintain  very  expensive  fire 
departments  and  pay  very  higli  insurance.  Indeed  Wilson 
estimates  that  the  losses  due  to  excessive  insurance  and  the 
increased  expense  of  the  city  administration,  including  fire  de- 

»  "Waste  of  Structural  Material  from  Fire  and  other  Causes,"  by  H.  M. 
WOson,  Report  National  Conservation  Comnussion,  Vol.  III.  pp.  604-619. 
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partments  and  water  supply,  amount  to  $234,000,000  per  an- 
num, or  more  than  the  actual  fire  losses.  A  large  part  of  this 
amount  in  addition  to  the  fire  losses  could  be  saved.  It  is 
therefore  plain  that  the  substitution  of  permanent  materials 
for  wood  in  all  structural  work  would  be  more  than  justified 
from  the  point  of  view  of  fire  losses  without  counting  in  the 
advantages  in  reducing  the  consumption  of  wood. 

12.    REFORMATION   OF  THE  TAX  LAWS^ 

Another  of  the  great  essential  steps  that  is  necessary  to  Tax  laws 
preserve  our  forest  is  to  reform  our  tax  laws.  At  the  present  l^T^^^ 
time  timber  is  generally  taxed  in  this  country  under  the  gen- 
eral property  law,  i.e.  a  stand  of  timber  is  assessed  and 
taxed  each  year  the  same  as  other  property.  This,  you 
can  readily  see,  almost  compels  the  owner  to  cut  val- 
uable timber  to  protect  himself  against  loss.  The  influ- 
ence of  the  general  property  tax  is  not  to  conserve  wood, 
but  to  put  it  upon  the  market  as  soon  as  possible.  This 
being  the  situation,  all  who  have  studied  the  forestry  problem 
agree  that  the  laws  for  taxing  timber  should  be  reformed. 
Several  plans  have  been  proposed,  two  of  which  seem  to  be 
worthy  of  serious  consideration.  Instead  of  taxing  the 
timber  each  year,  it  could  be  taxed  only  when  cut.  A  law  of 
that  kind  would  tend  to  restrain  cutting  instead  of  encouraging 
it.  Or,  if  the  states  are  not  ready  to  go  as  far  as  this,  a  tax 
might  be  levied  each  year  upon  the  value  of  the  land  estimat-  t 
ing  this  as  if  there  were  no  forest  covering,  and  then  a  tax 
upon  the  timber  when  it  is  cut,  —  a  combination  tax.  This 
intermediate  measure  is  the  one  which  is  being  urged  at  the 
present  time  in  many  states  as  being  perhaps  not  the  final  so- 
lution, but  the  first  step  toward  the  final  solution  of  the  scien- 
tific taxing  of  forests. 

It  is  evident  that  there  are  great  difliculties  in  passing  from  Difficulties 
the  present  method  of  taxation  to  one  of  those  proposed.  "^  tax 
These  difficulties  are  of  various  kinds.     If  a  tax  law  were  so 

*  "Taxation  of  Timber  Lands,"  by  Fred  Rogers^  Fairchild,  Report    Na- 
tional Conservation  Commission,  Vol.  II,  pp.  581-632.  , 
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framed  as  greatly  to  reduce  the  taxes  upon  the  forest,  and  this 
is  probably  desirable,  it  might  leave  a  deficiency  of  income  in 
certain  parts  of  a  state.  In  various  states  tlicre  are  also  con- 
stitutional provisions  which  prevent  the  imposing  of  a  tax 
upon  a  crop.  In  other  states  there  is  a  law  which  wholly 
prevents  any  exemption  from  taxation.  Also  there  are  a 
number  of  states  in  which  it  is  not  practicable  either  to  classify 
the  property  and  impose  upon  the  classes  different  rates,  or  to 
give  exemptions.  It  appears  from  the  above  that  any  thor- 
oughgoing reform  of  the  tax  laws  will  probably  require  consti- 
tutional amendments  in  many  of  the  states. 

In  each  of  the  states  there  are  likely  to  be  local  difficulties 
which  cannot  be  here  discussed.  It  is  very  clear  that  in  the 
reform  of  the  taxation  of  forests  careful  investigations  of  the 
conditions  must  be  made  in  each  state,  and  thus  ascertain 
what  is  necessary  to  do  in  the  way  of  constitutional  amend- 
ments and  modifications  of  existing  laws,  before  definite  laws 
for  timber  taxations  under  the  principles  suggested  can  be 
formulated. 

This  being  the  situation,  it  is  inad\isable  to  make  anything 
more  than  most  general  suggestions  as  to  how  the  proposed 
change  may  be  made,  it  being  understood  that  they  may  be 
impracticable  under  some  conditions  and  will  need  to  be  modi- 
fied under  others.  If  it  be  assumed  that  the  situation  will 
permit  a  change  of  the  system  of  taxation  to  the  form  sug- 
gested, it  should  be  made  gradually. 

It  would  not  do  the  first  year  to  tax  the  timber  cut  to  the  full 
amoimt  it  should  be  taxed  after  the  method  is  fully  in  force, 
because  that  timber  has  been  taxed  year  after  year  in  the  past 
under  the  general  property  tax.  But  a  plan  could  be  worked 
out  by  which  the  general  property  tax  would  be  reduced 
by  a  fifth  or  a  tenth  each  year,  upon  the  standing  timber, 
until  this  tax  disappears;  and  at  the  same  time  a  tax  put 
upon  the  product  cut  which  should  increase  during  those 
five  or  ten  years;  and  at  the  end  of  that  period  the  new 
system  would  be  in  full  force. 

A  reform  in  the  method  of  taxing  timber  is  certainly  an  ab- 
solute necessity.    Many  of  the  best  lumbermen,  —  those  who 
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are  anxious  to  conserve  our  forests,  who  desire  to  keep  their 
holdings  as  the  permanent  property  of  their  families,  say  that 
they  are  obliged  to  cut  the  timber.  They  say:  ''With  the 
taxes  as  they  are  now  we  must  cut  the  forest  we  hold  during 
the  next  ten  years,  or  at  most  twenty  years,  or  its  value  is 
taken  away  from  us." 

The  change  in  the  system  of  taxation  will  be  difficult  to  ac- 
complish, but  already  laws  for  this  purpose  are  being  formu- 
lated; and  we  may  hope  that  a  realization  of  the  seriousness 
of  the  situation  will  lead  the  states  to  pass  laws  for  the  con- 
servation of  the  forests. 

TOTAL  RESULTS   OF   MEASURES   ADVOCATED 

Carter  has  made  an  estimate  of  the  possible  increased  growth  Possible 
of  the  forests  which  will  finally  result  from  putting  in  force  all  ^^^^^^^^  ^ 
the  remedial  measures  which  have  been  discussed.     He  says  supply, 
that  the  average  growth  of  the  forest  can  be  made  eighty  cubic 
feet  per  annum  per  acre,  instead  of  twelve  cubic  feet;  and  he 
says  if  this  were  applied  to  the  135,000,000  acres  of  nonpro- 
ductive forest,  the  90,000,000  acres  of  land  which  is  practically 
waste  by  being  imperfectly  planted,  and  the  80,000,000  acres 
on  which  there  is  no  forest,  but  on  which  there  should  be  a 
forest,  that  the  total  increase  in  yield  each  year  would  be 
24,400,000,000  cubic  feet.     To  this  he  adds  a  possible  ten 
cubic  feet  of  increased  growth  per  annum  per  acre  upon  the 
145,000,000  acres  of  the  better  forest  of  1 ,450,000,000  cubic  feet. 
This  gives  a  total  annual  increase  of  25,850,000,000  cubic  feet. 

This  is  a  very  large  estimate,  but  it  looks  far  into  the  future. 
We  cannot  expect  that  this  ideal  situation  will  be  reached  for 
many  years;  probably  it  will  be  reached  only  when  necessity 
drives  us;  and  after  exerting  our  best  efforts,  fifty  or  one  hun- 
dred years  will  be  required  for  full  fruition.  But  if  Carter's 
estimate  is  correct,  the  remedial  measures  when  fully  effected 
will  furnish  us  more  additional  growth  per  annum  than  is  now 
being  taken,  23,000,000,000  cubic  feet  per  annum.  In  addi- 
tion to  this  we  would  have  the  normal  growth  of  present 
conditions,  6,500,000,000  cubic  feet.     We  must,  however, 
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remember  that  the  total  of  the  timber  area  is  being 
reduced;  also  the  population  of  this  country  is  increasing 
very  rapidly;  and  at  the  beginning  of  the  next  century, 
if  the  rate  of  increase  of  the  past  is  continued,  we  shall 
need  wood  not  for  100,000,000,  but  possibly  for  250,000,000 
people. 

CONCLUDING  STATEMENTS 

In  closing  this  part  I  may  summarize  the  procedure  in  a 
Produce  a»     forest  under  the  supposed  future  ideal  condition.    Suppose 

much  wood    ^  g^^^^  q^^j^  ^  ^ra^t  of  100,000  acres;  and  suppose  it  takes  a 

BM  we  use 

hundred  years  to  grow  timber  to  the  stage  when  it  is  advan- 
tageous to  cut  it.  Under  these  circumstances  you  may  im- 
agine that  the  state  each  year  cuts  over  1000  acres  and  takes 
out  all  of  the  mature  timber.  Thus  the  entire  area  would  be 
cut  over  each  hundred  years.  The  annual  product  of  the 
1000  acres  cut  will  represent  the  entire  annual  increase  of  the 
100,000  acres.  Probably  100  years  is  a  rather  longer  time 
than  will  actually  be  required;  for  when  the  mature  trees  are 
cut,  there  will  be  left  a  stand  of  intermediate  size  which  w\\\ 
mature  before  another  hundred  years;  but  the  illustration 
gives  a  definite  conception  of  the  ideal  conditions  toward 
which  we  must  work.  We  shall  be  obliged  so  to  handle  our 
forests  that  we  produce  as  much  wood  each  year  as  we  use; 
for  it  is  to  be  hoped  that  this  nation  will  not  repeat  the  dis- 
astrous mistakes  of  other  nations  by  ever  allowing  its  forests 
to  become  too  small  to  furnish  the  amount  of  wood  necessary 
for  the  purposes  of  the  people,  and  especially  that  it  shall  never 
allow  the  forests  to  be  removed  from  the  mountainous  areas. 
To  accomplish  the  far-reaching  reforms  proposed  to  con- 
tinue an  adequate  timber  supply  will  require  a  great  cam- 
paign of  education.  The  feeling  of  responsibility  of  the  na- 
tion, of  the  state,  and  the  individual  to  posterity  in  the  matter 
of  wood  must  be  developed.  The  work  of  conservation  can- 
not be  done  by  the  nation  alone ;  it  cannot  be  done  by  the  state 
alone;  it  cannot  be  done  by  the  individual  alone.  Each 
must  do  what  it  can.  The  nation  and  the  states  should  prac- 
tice forestry  on  all  public  lands,  and  thus  set  an  example  to 
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private  holders.  Already,  as  we  have  seen,  the  national  gov- 
ernment practices  forestry  upon  all  of  its  forest  reserves. 
Some  of  the  states  have  begun  forestry  upon  their  holdings; 
but  many  are  still  delinquent  in  this  respect.  As  yet  few 
individuals  have  begun  the  practice  of  forestry.  It  is  esti- 
mated that  about  70  per  cent  of  the  publicly  held  forests  have 
scientific  forestry  practiced  upon  them;  and  that  of  the  pri- 
vate holdings  this  is  true  for  less  than  3  per  cent.  The  first 
duty  of  the  nation  and  the  states  is  to  practice  forestry  upon 
their  entire  holdings,  and  then  to  pass  laws  requiring  the 
same  practice  upon  private  holdings.  Such  laws  should  be 
gradual  in  their  introduction  and  give  reasonable  time  for  Responsi- 
the  extension  of  the  practice  to  the  entire  holdings.  There  J^^^*y  o^ 
is  no  question  that  in  this  matter  the  paramount  right  of  the  owner, 
nation  may  control;  and  that  as  soon  as  public  sentiment 
demands  it,  laws  may  be  passed  which  shall  compel  the  pri- 
vate holder  to  practice  forestry.  This  is  shown  to  be  per- 
fectly clear  by  the  decision  of  the  highest  courts,  including 
the  United  States  Supreme  Court  (see  p.  363). 

The  supreme  court  of  the  state  of  Maine  gave  an  affirmative 
answer  to  the  following  question  from  the  legislature:  ''  In 
order  to  promote  the  common  welfare  of  the  people  of  Maine 
by  preventing  or  diminishing  injurious  drought  and  freshets, 
and  by  protecting,  preserving,  and  maintaining  the  natural 
water  supply  of  the  springs,  streams,  ponds,  and  lakes,  and  of 
the  land,  and  by  preventing  or  diminishing  injurious  erosion 
of  the  land  and  the  filling  up  of  the  rivers,  ponds,  and  lakes, 
and  as  an  efficient  means  necessary  to  this  end,  has  the  legisla- 
ture power  under  the  constitution  by  public  general  law  to 
regulate  or  restrict  the  cutting  or  destruction  of  trees  grow- 
ing on  wild  or  uncultivated  land,  by  the  owner  thereof, 
without  compensation  therefor  to  such  owner?" 

The  great  campaign  of  education  which  has  been  inaugu- 
rated by  the  National  Forest  Service,  by  the  State  Forest 
Services,  by  the  various  state  and  national  forestry  associa- 
tions, by  the  university  forestry  schools,  and  by  many  other 
agencies,  must  be  continued  until  enhghtened  public  senti- 

^  "  Conservation  of  our  Natural  Resources  and  of  our  National  Strength 
and  Virility,"  A.  A.  Bruce,  Pennsylvania  Law  Review,  Vol.  58,  p.  160. 
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ment  secures  the  necessary  reforms  to  preserve  a  suflficient 
amount  of  forest  so  that  our  land  will  be  protected;  so  that 
our  people  may  have  wood.  Frequently  in  the  past  in  this 
campaign,  sentiment  rather  than  judgment  has  prevailed. 
Conservation  does  not  demand  that  no  tree  be  cut,  but  that 
whenever  a  tree  is  cut,  measures  shall  be  in  force  which  will 
produce  another  tree.  Forests  are  to  be  used  exactly  as  our 
other  natural  resources,  but  used  in  such  a  manner  that  the 
interests  of  our  posterity  will  be  protected.  Also,  it  must 
be  appreciated  that  certain  of  the  savings  and  reforms  advo- 
cated cannot  at  once  be  put  in  force.  We  should  save  all  by- 
products, but  if  knowledge  is  inadequate,  and  the  economic 
conditions  are  such  that  it  is  not  possible  to  manufacture  the 
by-products  at  a  cost  so  that  the  returns  from  thorn  will  com- 
pensate for  the  expenditure  involved,  this  cannot  be  done; 
and  for  a  long  time  it  will  be  the  case  in  this  country  that  large 
quantities  of  by-products  will  be  wasted.  They  will  need  to  \xi 
burned  in  the  woods  in  order  to  save  the  forests;  but  this 
should  be  regarded  merely  as  an  intermediate  stage  of  develop- 
ment, and  the  aim  should  be  to  further  improve,  and  thus 
utilize  in  ever  increasing  proportion,  the  by-products. 

I  conclude  with  a  quotation  from  the  United  States  Forest 
Service  showing  where  we  might  stand:  "By  reasonable 
thrift  we  can  produce  a  constant  timber  supply  beyond  our 
present  need,  and  with  it  conserve  the  usefulness  of  our 
streams  for  irrigation,  water  supply,  navigation,  and  power. 

"Under  right  management  our  forests  will  yield  over  four 
times  as  much  as  now.  We  can  reduce  waste  in  the  woods 
and  in  the  mill  at  least  one  third,  with  present  as  well  as  future 
profit.  We  can  perpetuate  the  naval-stores  industry.  Pre- 
servative treatment  will  reduce  by  one  fifth  the  quantity  of 
timber  used  in  the  water  or  in  the  ground.  We  can  practically 
stop  forest  fires  at  a  total  yearly  cost  of  one  fifth  the  value  of 
the  standing  timber  burned  each  year. 

"We  shall  suffer  for  timber  to  meet  our  needs  until  our 
forests  have  had  time  to  grow  again.  But  if  we  act  vigorously 
and  at  once,  we  shall  escape  permanent  timber  scarcity."  * 

»  "The  Forests  of  the  United  SUtes:  Their  Ubc,"  by  Overton  W.  Price. 
R.  8.  Kellogg,  and  W.  T.  Ck»,  U.  8.  Dept.  of  Agriculture  Forest  Service. 
Circular  171,  p.  24. 


PART   IV 

THE  LAND 

THE  land  is  the  great  fundamental  resource  of  the  nation,  The  land 
is  indeed  more  important   than   all  other  resources.  ^"0^^^^^^^ 
From  the  land  comes  our  food  and  clothing;  food  and  clothing  clothing, 
we  must  have;  all  of  our  other  needs  are  subordinate  to  these. 
The  productivity  of  the  land  is  therefore  the  basal  factor 
which  will  control  in  the  future  the  density  of  our  population. 
Where  the  land  is  poor  or  barren,  the  regions  are  sparsely  in- 
habited.     This  is  well  illustrated  by  southern  Europe  and 
various  parts  of  Asia.     In  Europe,  Greece  and  Spain;  and  in 
Asia,  Palestine,  India,  and  China,  are  commonly  cited  as 
countries  in  which  there  are  extensive  areas  of  deteriorated 
land.     Even  the  delta  of  the  Tigris  and  Euphrates,  which 
in  ancient  times  was  one  of  the  earth's  gardens,  is  reported 
as  being  a  greatly,  depleted  land. 

It  is  true  that  the  waters  are  a  source  of  food.  Of  such 
waters  the  sea  is  that  of  immeasurably  the  greatest  impor- 
tance, although  lakes  and  rivers  are  of  consequence.  For 
many  centuries  the  sea  has  been  an  important  source  of  food 
for  man,  especially  for  island  and  tidewater  countries;  i.e. 
for  the  people  living  on  the  fringe  of  land  near  the  sea.  At  the 
present  time  it  cannot  be  asserted  that  the  amount  of  sea 
food  is  increasing;  but  by  propagation  of  fish,  oysters,  etc.,  it 
may  be  that  the  average  supply  may  be  somewhat  increased, 
possibly  doubled  or  even  trebled.  But  even  if  this  be  true, 
the  sea  will  be  a  very  subordinate  source  of  food.  This  is 
illustrated  by  Japan.  Of  all  the  densely  populated  countries 
in  the  world,  probably  Japan  is  most  favorably  located  with 
reference  to  feeding  its  people  from  the  sea,  —  a  group  of  linear 
islands  with  extremely  irregular  coast,  inland  bays  and  seas, 
having  many  thousands  of  miles  of  coast  line.     Not  only  so, 
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but  the  country  has  important  fishing  rights  along  Siberia  and 
about  Sakhalin.  Also  the  people  of  the  Japan  islands,  besides 
using  animal  food  of  many  kinds  from  the  sea,  use  certain  sea- 
weeds. Notwithstanding  this  extraordinarily  favorable  loca- 
tion and  the  pressure  for  food  to  feed  the  dense  population, 
I  am  infonned  that  probably  not  to  exceed  one  twentieth 
of  the  food  of  the  people  of  Japan  comes  from  the  sea,  and 
certainly  not  so  much  as  one  tenth. 

It  is  clear  that  for  men  the  great  multitude  must  be  fed 
from  the  product  of  the  land. 

If  we  in  this  country  maintain  the  fertility  of  our  land,  we 
shall  have  a  numerous,  well-fed,  and  well-clothed  people;   if 
our  land  is  allowed  to  deteriorate,  there  will  be  a  sparse  and 
hungry  population. 
Extent  of  The  lands  under  the  control  of  the  United  States  are  vast 

in  area:  the  United  States  proper  has  an  area  of  3,026,789 
square  miles;  Alaska,  590,884;  the  Philippines,  115,026;  and 
the  remaining  recently  acquired  possessions,  including  Porto 
Rico,  Hawaii,  the  Panama  Canal  Strip,  Guam  and  Tutuila 
group,  Samoa,  10,645;  making  a  total  area  of  3,743,344 
square  miles.  If  the  area  were  given  in  acres,  the  number 
would  be  2,395,740,160,  of  which  1,937,144,960  are  in  the 
United  States,  378,165,760  in  Alaska,  and  80,429,440  in  the 
colonial  possessions. 

THE  SOIL 

Depth  of  The  fertility  of  the  land  depends  upon  the  thickness  and 

"°  '  character  of  the  soil.    What  is  meant  by  the  soil,  and  how  is  it 

manufactured  by  the  processes  of  nature?  The  soil  comprises 
the  upper  part  of  the  land,  which  serves  as  a  source  of  food  for 
plants.  In  general  it  varies  from  two  or  three  inches  in  thick- 
ness in  very  ixx)r  soils  to  two  or  three  feet  for  the  better  soils. 
For  much  the  larger  part  of  the  country  where  the  soil  is  good 
the  thickness  is  from  seven  to  eight  inches.  Below  the  soil  is 
frequently  a  subsoil  of  greater  thickness.  Exceptionally  in 
areas  of  dep)osition  of  water  borne  and  wind  borne  material 
the  soil  may  be  several  or  many  feet  in  thickness,  or  even  hun- 
dreds of  feet  in  depth;  such  areas  are  illustrated  by  the  delta 


] 


THE  LAND  265 

deposits  of  the  Mississippi  and  the  sedunents  of  the  great 
basin. 

The  soil  consists  of  finely  pulverized  rock  mixed  with  humus ;  Composi- 
the  first  is  inorganic,  disintegrated,  and  decomposed  mineral  *^°^  °^  ^^• 
material ;  the  second  is  partly  decomposed  organic  material .  In 
the  soil  are  water  and  air;  without  these  the  soil  is  barren. 
A  soil  perfect  in  chemical  and  physical  condition  containing 
neither  water  nor  air  could  not  by  any  possibility  sustain  hfe. 
The  water  of  the  soil  has  been  compared  to  the  blood  of  an 
organism,  and  McGee  has  gone  so  far  as  to  measure  the  prod- 
uctivity of  the  soil  in  terms  of  its  water.  He  promulgates 
the  tentative  formula  that  the  '*  agricultural  duty  of  water 
may  be  defined  as  the  production  of  yuVir  part  of  its  weight  in 
useful  plant  crop."  ^  There  is  a  certain  justification  in  this 
statement,  since  water  is  an  essential  factor  of  plant  growth 
which  is  likely  to  be  highly  variable  in  amount.  However,  Water,  air, 
air  is  equally  essential  with  water,  but  differs  from  the  latter  ^^*'  ^^^ 
in  that  it  is  always  present  in  sufficient  amount  where  the 
water  is  not  too  greatly  in  excess.  Also  the  composition  and 
physical  character  of  the  soil  itself,  including  both  its  organic 
and  inorganic  constituents,  are  of  great  importance  in  the 
growth  of  plants.  Finally,  in  order  that  the  soil  may  produce 
plant  growth,  there  must  be  available  sources  of  energy  to  do 
the  work;    these  are  heat  and  light  derived  from  the  sun. 

The  soil  has  been  manufactured  by  the  processes  of  nature ;  The  making 
but  its  rate  of  making  is  so  slow  that  its  production  has  o^^^^^o^- 
required  thousands  of  years,  in  most  cases  many  thousands 
of  years.  It  is  probable  that  the  average  rate  of  manufacture 
of  the  soil  is  less  than  one  inch  in  five  hundred  years.  Its 
manufacture  is  due  to  the  complex  operation  of  various  forces 
working  through  a  number  of  agents.  The  chief  forces  are 
heat,  light,  and  gravity;  the  chief  agents  are  air,  water,  ice, 
and  organisms,  both  plant  and  animal,  minute  and  large. 
These  forces  and  agents  cooperating  together  in  their  work 
upon  the  rocks  produce  the  soil.  The  heat  and  light  from  the 
sun  are  dominant  sources  from  which  the  agents  derive  the 
energy  for  their  work.     The  air  tends  to  oxidize  the  mineral 

1  "Soil  Erosion,"  by  W  J  McGee. 
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particles;  the  water  hydrates  them;  the  bacteria,  the  earth- 
worm, and  many  other  animals,  and  the  plants,  all  assist  in 
the  disintegration  and  decomposition  of  the  rocks. 

By  the  conjoint  work  of  these  forces  and  agents  the  soil,  in- 
cluding both  its  mineral  part  and  the  humus,  is  manufactured. 

The  nature  of  the  soil  depends  much  upon  the  character 
of  the  rock  from  which  it  is  made,  and  also  upon  whether  it 
is  formed  in  place  or  transported.  Thus,  from  limestone  good 
soil  is  likely  to  be  produced,  from  granite  a  poor  soil.  Soils 
of  transportation,  such  as  the  bottom  lands  of  streams,  are 
likely  to  be  fertile. 

The  surface  layer  of  soil,  manufactured  by  the  processes  of 
nature  through  millions  of  years,  is  the  most  precious  natural 
resource  of  the  nation.  Of  all  of  our  duties  to  our  descendants 
that  of  maintaining  the  soil  unimpaired  in  thicknees  and  in 
richness  is  the  most  serious. 


BeUtioDfl 
of  soil  and 
rooks. 


CLASSIFICATION  OF  THE  LAND 

The  lands  of  the  United  States  may  be  classified  in  various 
ways;  they  may  be  classified  as  areas  of  crystalline  and  sedi- 
mentary rocks;  they  may  be  classified  as  plains,  plateaus,  and 
mountains;  they  may  be  classified  in  reference  to  the  covering 
which  was  originally  upon  them. 

The  crystalline  areas  have  a  wide  variety  of  rocks,  both 
igneous  and  metamorphic.  For  the  most  part  the  soils  de- 
rived from  them  are  relatively  unfertile.  They  are  likely  to 
be  rough,  and  are  mainly  upland,  plateau,  or  mountain.  The 
more  conunon  sedimentary  rocks  are  limestones,  shales,  and 
sandstones.  Where  there  are  limestones,  there  are  likely  to  I . > 
very  fertile  soils;  where  there  are  shales,  the  soils  are  rea.suii- 
ably  fertile,  but  are  likely  to  be  somewhat  heavy;  sandstones 
are  Ukely  to  give  poor  soils.  The  larger  areas  occupied  by  the 
sedimentary  rocks  are  relatively  smooth  and  conmionly  low- 
lands, although  there  are  extensive  plateaus  and  mountains 
composed  of  such  rocks. 

The  plains  comprise  relatively  smooth  areas  and  are  for  the 
most  part  lowlands  below  1000  feet.    The  plateaus  are  much 
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rougher  than  the  plains  and  have  an  elevation  of  1000  feet  or 
more.  As  indicated  by  the  name,  there  are  considerable  areas 
which  are  relatively  level,  but  these  are  likely  to  be  cut  by 
gorges  and  valleys.  The  mountains  are  both  elevated  and 
rough. 

The  lands  according  to  their  covering  may  be  classified  as 
forests,  prairies,  and  deserts.  The  forests  comprise  those 
regions  in  which  the  precipitation  is  greater  than  forty  inches 
per  annum,  the  prairies  those  in  which  the  precipitation 
varies  from  twenty  to  forty  inches,  and  the  deserts  those  in 
which  the  precipitation  is  less  than  twenty  inches.  You  will 
understand  that  these  statements  are  only  broadly  true.  For 
instance,  whether  or  not  a  forest  is  present  in  an  area  which 
has  a  precipitation  between  twenty  and  forty  inches  depends 
upon  whether  in  the  past  the  fires  have  been  allowed  to  run. 
When  the  Indians  occupied  the  land,  the  areas  having  an  an- 
nual precipitation  between  twenty  and  forty  inches  were  very 
largely  prairie;  now  that  the  white  man  has  taken  possession 
of  the  country  and  the  fires  are  not  allowed  to  run  so  exten- 
sively, even  under  natural  conditions  the  forests  are  encroach- 
ing upon  the  prairies;  and  under  settlement  by  the  whites 
prairie  areas  have  been  planted  with  trees  about  the  homes  and 
along  the  fences,  as  have  also  occasionally  fields. 

It  is  by  a  combination  of  these  factors,  character  of  rock, 
elevation  and  covering,  that  I  shall  classify  the  lands  of  the 
United  States  into  eight  provinces. 


Atlantie 
and  Gulf 
plains. 


THE  ATLANTIC  kWD  GULF  PLAINS 

The  first  of  the  great  provinces  is  the  Atlantic  and  Gulf 
plains.  This  includes  the  area  of  land  running  from  Cape 
Cod  along  the  border  of  the  Atlantic  and  the  Gulf  of  Mexico. 
It  comprises  a  small  part  of  Massachusetts,  Rhode  Island, 
and  Connecticut,  and  large  parts  of  all  the  states  to  the  south 
bordering  on  the  Gulf,  and  all  of  Florida.  This  land  is  for  the 
most  part  that  which  is  not  more  than  100  feet  above  the  sea. 
It  is  the  land  which  was  easily  occupied  by  the  European  im- 
migrants, earlier  along  the  Atlantic  than  alpng  the  Gulf,  but 
comparatively  early  in  both  regions. 
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This  lowland  area  is  one  of  sedimentary  rocks;  it  was  orig-  The  deltas 
inally  covered  by  forests;  in  large  part  it  had  a  soil  rich  and 
deep,  and  was  the  prize  toward  which  looked  those  coming 
from  Europe  during  the  early  settlement  of  this  country. 
In  this  provmce  is  included  the  enormously  rich  and  im- 
mensely deep  soil  of  the  Mississippi  River  delta.  The  region 
has  extensive  tracts  of  land  lying  near  the  level  of  th6  sea;  it 
is  the  tidewater  country.  As  a  result  of  this  fact  there  are 
here  included  the  largest  areas  of  swamp  land  in  the  United 
States,  —  the  Dismal  Swamp  of  North  Carolina,  the  Ever- 
glades of  Florida,  the  bayous  of  Louisiana,  Mississippi,  and  i 
Arkansas,  and  the  coastal  swamps  of  Texas.  While  these 
lands  are  at  present  little  utilized,  in  the  future  they  will 
be  one  of  the  most  valuable  assets  of  the  nation  (see 
pp.  347-348).  In  the  Gulf  Plains  are  extensive  belts  of 
sandy  soil  which  are  relatively  poor  and  barren. 

Along  the  Atlantic  the  western  border  of  the  lowland  plain  The  fall 
is  somewhat  sharply  separated  from  the  upland  by  an  eleva-  ^^^^• 
tion  known  as  the  ''fall  line."  The  fall  line  limits  everywhere 
navigation  for  ocean-going  vessels,  and  for  the  great  majority 
of  the  streams  limits  navigation  for  any  class  of  vessels. 
Therefore  the  fall  line  marks  the  place  where  transportation 
by  water  changes  to  transportation  by  land.  This  fact  made 
of  it  a  row  of  villages  in  the  time  of  the  Indians,  and  makes 
of  it  a  line  of  cities  in  our  modem  civilization.  Upon  it  are 
located  the  cities  of  New  York,  Trenton,  Philadelphia,  Balti- 
more, Washington,  Richmond,  Petersburg,  Raleigh,  Columbia, 
Augusta,  Macon,  and  Montgomery. 


THE  EASTERN  ANCIENT  PLATEAUS 

The  second  of  the  great  provinces  is  the  Eastern  Ancient  New 
Plateaus.     It  includes  the  New  England,  Piedmont,  and  Lake  ^nd  Lake 
plateaus.     The  larger  part  of  New  England,  with  the  excep-  plateaus. 
tion   of   southeastern  Massachusetts  and  Connecticut,  falls 
in  this  region,  as  does  also  a  great  belt  between  the  coastal 
plains  and  the  Appalachian  Mountains,  and  the  northern 
parts  of  Michigan,  Wisconsin,  and  Minnesota.    This  region  is 
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mainly  one  of  crystalline  rocks;  it  is  more  than  100  feet  in 
height  and  has  altitudes  varying  from  this  amount  to  1000 
feet  or  more;  here  and  there  it  rises  into  mountain  groups, 
the  more  important  of  which  are  the  WTiite  Mountains,  the 
Green  Mountains,  the  Berkshire  Hills,  and  the  Adirondacks. 
For  the  most  part  the  northern  half  of  the  upland  area  is 
rather  rugged  and  barren ;  it  is  covered  by  poor  soil,  strewn  with 
stones  and  bowlders;  it  contains  numerous  lakes,  ponds,  and 
swamps.  This  is  the  great  area  of  the  Northern  White  Pine. 
The  Pied-  The  southem  part,  comprising  the  Piedmont  Plateau,  is  south 
Plateau  ^^  ^®  *^^  incuTsions,  and  there  the  uplands  have  a  disintegrated 
rock  soil,  better  than  the  upland  of  New  England  and  the 
lakes,  but  still  poor.  However,  in  the  New  England  and 
Piedmont  plateaus  are  many  valleys  of  varying  magnitude 
which  have  rich  and  fertile  fields.  The  largest  and  most 
important  of  these  is  that  of  the  Connecticut  River,  and  this 
valley  has  below  it  later  sedimentary  rocks. 

THE  APPALACHIAN  RANGES,  ALLEGHANY  PLATEAUS,  AND 

OZARKS 

The  third  of  the  great  land  provinces  of  the  country  is  a 
region  of  mountains  and  plateaus.  This  province  has  a  prin- 
cipal eastern  region  and  a  subordinate  western  one. 

The  first  lies  west  of  the  New  England  and  Piedmont 
plateaus  and  east  of  the  prairie  and  gulf  plains.  Its  larger 
elements  are  the  Appalachian  ranges  and  the  Alleghany 
plateaus.  This  region  is  composed  in  part  of  sedimentary 
and  in  part  of  crystalline  rocks;  it  was  originally  covered  with 
forests,  and  of  its  higher  parts  this  is  true  in  large  measure  to 
the  present  time.  These  uplands  have  a  poor  but  frequently 
thick  soil  which,  where  denuded  of  the  forests,  is  rapidly 
washed  away.  They  should  permanently  remain  as  a  part 
of  our  great  forest  reserve.  The  Appalachian  ranges  and 
Alleghany  plateaus  are  cut  by  numerous  valleys,  of  which  the 
Appalachian  limestone  valley  is  by  far  the  most  important. 
This  had  originally  high  fertility.  The  Appalachian  Valley 
is  especially  famous  in  the  history  of  the  country  as  being  the 
first  considerable  belt  of  rich  land  available  to  the  settlers  after 
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they  broke  across  the  easternmost  ranges.  It  was,  as  you 
know,  one  of  the  mam  highways  up  and  down  which  the  armies 
of  the  North  and  South  marched  in  the  great  struggle  of  the 
Civil  War. 

The  western  region  of  the  third  province  is  that  of  the 
Ozarks.  This  area  lies  in  the  states  of  Missouri,  Kansas, 
Indian  Territory,  and  Arkansas.  It  is  an  upland  area  of 
mountains,  plateaus,  and  valleys,  which  constitute  a  relatively 
unfertile  island  in  the  midst  of  the  prairie  and  Gulf  plains. 

THE  LAKE  PLAINS 

The  fourth  of  the  provinces  is  that  of  the  lake  plains.  As 
indicated  by  the  name,  this  region  is  adjacent  to  the  great 
lakes;  it  includes  western  New  York,  the  northern  part 
of  Ohio,  the  major  part  of  Michigan,  and  a  belt  in  Wis- 
consin and  Minnesota.  It  is  an  area  of  sedimentary  rock, 
much  of  which  is  limestone.  The  entire  region  was  forest 
covered  (see  p.  208).  The  northern  part  of  the  lake  plains 
is  somewhat  inhospitable  in  climate;  the  extensive  limestone 
areas  have  a  fertile  soil;  but  the  sandstone  areas  of  Michi- 
gan and  Wisconsin  are  poor. 

Over  the  region  of  the  lake  plains  came  the  latest  ice  incur-  Lakes  and 
sion.  In  consequence  of  this  there  are  extensive  areas  of  ^^^™p^- 
stony  moraines;  there  are  innumerable  lakes,  ponds,  swamps, 
and  marshes.  While  no  one  area  of  wet  land  can  compare  in 
extent  with  the  great  swamps  of  the  coastal  plains,  the  total 
acreage  is  large,  making  the  lake  plains  the  second  in  the  coun- 
try in  its  total  area  of  wet  lands.  As  yet  these  lands  are  little 
utilized,  but  in  the  future  they  will  constitute  a  highly  pro- 
ductive part  of  the  lake  plams. 

THE   PRAIRIE   PLAINS 


The  fifth  province  is  that  of  the  prairie  plains.     This  com-  The  garden 
prises  a  great  area  south  of  the  province  just  described,  and  ^^  *^® 
west  of  the  mahi  area  of  the  third  province.     It  occupies  a 
large  portion  of  the  Upper  Mississippi  Valley  and  extends  to 
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the  southwest,  west  of  the  Mississippi  to  the  Rio  Grande. 
It  includes  considerable  parts  of  Ohio,  Wisconsin,  Minnesota, 
the  Dakotas,  Nebraska,  Kansas,  Oklahoma,  and  Texas,  and 
practically  all  of  Indiana,  Illinois,  and  Iowa.  The  region  of 
the  prairie  plains  is  the  garden  of  the  United  States;  it  is  the 
very  heart  of  the  country.  This  province  is  one  of  sedi- 
mentary rocks,  largely  limestone;  it  is  of  moderate  alti- 
tude, being  below  1000  feet  in  elevation.  It  is  an  area  of 
neither  too  abundant  nor  too  scanty  rain;  for  the  most  part 
the  annual  precipitation  being  between  twenty  and  fort>' 
inches.  Originally  it  was  largely  covered  with  grasses,  the 
trees  being  confined  mainly  to  the  borders  of  the  str> 
In  passing  from  the  center  of  this  area  to  the  province  -  io 
the  east  and  south,  the  area  occupied  by  trees  increases  in 
amount,  until  adjacent  to  these  provinces  it  approximateil 
60  per  cent. 

The  entire  province  has  a  soil  varying  from  eight  inches 
to  a  foot  in  thickness,  and  locally  the  soil  runs  up  to  ten, 
fifteen,  twenty  feet  or  more  in  depth.  Probably  there  is  no 
other  equally  large  area  in  the  world  which  surpassed  it  in 
original  fertility;  and  it  is  certam  that  no  equally  large  area 
can  be  compared  to  it  in  present  fertility.  The  nearest  ap- 
proaches are  the  densely  populated  regions  of  China  and  the 
black  lands  of  Russia.  Iowa,  Illinois,  Ohio,  and  Indiana 
have  by  far  the  largest  percentage  of  improved  lands  of  any 
states  in  the  Union,  varying  in  Iowa  from  nearly  90  per  cent 
to  more  than  75  per  cent  in  Indiana;  whereas  the  next  state 
m  order  is  Delaware,  a  small  state  in  the  tidewater  country, 
with  60  per  cent. 

Many  of  those  who  live  in  the  region  of  the  prairie  plains 
think  that  highly  fertile  land  is  the  normal  thing  in  the 
world.  I  once  traveled  by  chance  from  this  region  to  central 
Canada  with  a  young  woman  who  had  been  bom  and  brought 
up  on  the  prairie  plains.  She  was  greatly  surprised  at  the 
number  of  stones  that  appeared  as  the  prairie  plains  were  left 
behind.  First,  a  few  small  bowlders  were  seen,  and  then  more 
and  ever  larger,  until  bowlders  of  all  sizes,  up  to  eight  to  ten 
feet,  were  abundant.    With  these,  ledges  of  rock  here  and 
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there  protruded  from  the  soil,  until  the  earth  became  one 
dominantly  of  rock  instead  of  soil.  To  that  time  this  young 
woman  had  supposed  that  the  world  was  made  of  soil  to  its 
very  center,  rather  than  made  of  rock  with  a  thin  and  excep- 
tional film  of  soil.  My  boyhood  days  were  spent  in  an  area 
of  the  prairie  plains,  in  which  there  were  no  solid  ledges  of  rock 
exposed,  and  I  can  well  remember  my  surprise  and  thrill  of 
emotion  when  I  first  went  through  a  railway  cut  showing 
solid  rock. 

The  strangely  favored  inhabitants  of  the  prairie  plains 
scarcely  realize  that  only  exceptionally  are  there  large  and 
continuous  areas  of  highly  fertile  soil.  While  there  are  a 
few  such  provinces  on  the  globe,  there  are  vastly  larger  and 
more  numerous  areas  of  thin  and  sparse  soil,  —  the  plateaus, 
the  mountains,  and  deserts,  which  are  either  not  productive, 
or  only  sparingly  so  under  natural  conditions. 

THE   GREAT   PLAINS 

pry  farm-  The  sucth  provlnce  is  the  great  plains.  They  occupy  a 
™?nff  broad  belt  between  the  prairie  plains  on  the  east  and 
the  Rocky  Mountains  on  the  west,  and  extend  from 
North  Dakota  and  Montana  on  the  north  to  Mexico  on  the 
south.  For  the  most  part  they  have  an  elevation  of  more 
than  1000  feet  and  less  than  6000  feet.  The  higher  elements 
are  to  the  west  and  the  lower  to  the  east;  thus  the  plains 
have  an  eastern  slant.  Like  the  prairie  plains,  this  region  is 
one  of  sedimentary  rocks  covered  in  large  part  with  a  deep 
and  fertile  soil,  and  if  it  had  sufficient  rainfall  would  be  highly 
productive  land;  but  it  is  an  area  in  which  the  rainfall  is  less 
than  twenty  inches.  It  is  therefore  one  in  which  a  crop  can- 
not be  raised  each  year  with  certainty  \iithout  irrigation, 
although  dry  farming  may  be  practiced  upon  it  over  extensive 
areas.  In  early  days  the  great  plains  were  known  as  the 
Great  American  Desert.  It  is  the  region  which,  as  I  have 
already  explained  to  you,  was  settled  up  in  a  time  of  excessive 
rainfall;  during  the  time  follo\s4ng,  when  the  rain  was  below 
the  normal,  the  region  was  largely  abandoned;  and  it  is  now 
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again  being  settled  rapidly  on  account  of  the  excess  of  rain 
which  has  been  falling  for  the  past  few  years.  It  is  like 
Palestine  and  Egypt,  and  like  the  Black  Lands  of  Russia,  an 
area  in  which  there  will  alternate  from  time  to  time  groups 
of  lean  and  fat  years;  the  lean  years  when  there  is  deficient 
rainfall,  the  fat  years  when  there,  is  an  abundance  of  rain. 
So  far  as  the  great  plains  can  be  irrigated  they  are  highly 
productive;  but  for  the  most  part  they  must  remain  the  region 
of  dry  farming  and  grazing. 

THE   ROCKY   MOUNTAINS   AND   WESTERN   PLATEAUS 

The  seventh  region  is  that  of  the  Rocky  Mountains  and  Imgatioa 
Western  Plateaus.  In  this  region,  which  occupies  a  very 
extensive  part  of  the  United  States,  from  the  west  side  of  the 
great  plains  to  the  Cascades  and  Sierra  Nevadas,  there  are 
many  mountain  ranges,  there  are  great  and  extensive  pla- 
teaus, there  is  the  Great  Basin,  there  are  numerous  valleys. 
The  region  has  large  areas  of  both  sedimentary  and  crystal- 
line rocks.  The  higher  lands  are  or  were  forest-covered  and 
should  ever  remain  so.  Upon  the  whole,  the  region  is  one  of 
deficient  rainfall.  It  is  a  great  region  of  irrigation,  which 
has  been  discussed  in  another  part  of  these  lectures,  and  which 
therefore  will  not  be  taken  up  here.  Already  there  are  in 
this  region  some  4,500,000  acres  of  irrigated  land,  and  this 
amount  will  be  greatly  increased  in  the  future. 

THE  PACIFIC   REGION 

The  eighth  and  last  provmce  of  the  United  States  is  that  The  Great 
of  the  Pacific  region,  including  on  the  east  the  Cascades  ^^^^ 
and  the  Sierra  Nevada,  and  extending  on  the  west  to  the 
Pacific  Ocean.  The  mountains  are  largely  crystalline  rocks; 
the  valleys  are  mainly  sedimentary.  The  mountains  in  this 
area  were  and  still  are  for  the  most  part  heavily  timbered; 
the  valleys  between  have  comparatively  little  timber  except 
in  the  north.  Between  the  Cascades  and  Sierra  Nevada  and 
the  coastal  ranges  are,  in  Washington  and  Oregon,  the  great 
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valley  of  Puget  Sound  and  the  Willamette  River;  and  in 
California,  the  great  valleys  of  the  Sacramento  and  San  Joa- 
quin rivers.  The  great  northern  valley  is  abundantly 
watered  and  has  a  highly  fertile  soil;  indeed,  the  fame  of  the 
Willamette  Valley  early  became  known  in  the  East  and  it  was 
settled  about  the  same  time  as  the  states  of  the  Middle  West. 
The  great  valley  of  California  has  a  soil  of  wonderful  thickness 
and  fertility.  It  is  sufficiently  watered  in  the  north,  in  the 
central  part  has  less  water,  and  in  the  southern  part  cannot 
be  used  for  agricultural  purposes  without  irrigation. 

The  In  the  coast  ranges  are  numerous  intermontane  valleys. 

Sne™°°       These  are  comparable  in  breadth  with  the  Appalachian  Valley 

valleys.  of  the  east.  Some  of  the  more  famous  of  these  are  the  Santa 
Clara  and  Napa  valleys  of  central  California,  the  Salinas  in 
southern  California,  and  the  valleys  in  which  are  the  cities 
of  Los  Angeles,  Redlands,  San  Bernardino,  and  Riverside,  — 
the  orange-grove  region  of  southern  California.  These  valleys 
have  highly  fertile  soil;  in  the  north,  they  frequently  have  suf- 
ficient water  so  that  ordinary  crops  and  even  fruit  may  be 
raised  without  irrigation;  but  in  the  southern  parts,  where 
citrous  fruits,  olives,  and  nuts  are  raised,  irrigation  is  almost 
universal. 

The  It  is  frequently  supposed  that  southern  California  is  an 

almost  continuous  orange,  lemon,  and  grapefruit  grove;  but 
as  a  matter  of  fact  the  area  set  out  to  fruits  does  not  reach 
2  per  cent;  indeed,  the  total  irrigated  land  of  southern  Cali- 
fornia is  not  more  than  10^  per  cent  of  the  total.  Why 
is  this  the  case?  Simply  because  the  streams  coming  from 
the  mountains  will  not  supply  a  sufficient  amount  of  water 
to  irrigate  a  greater  area. 

GENERAL   STATEMENTS 

One  third  The  foregoing  paragraphs  give  a  brief  and  inadequate  de- 

aLric^tu'^i.  scription  of  the  great  land  heritage  which  fell  to  our  people. 

Considering  the  lands  of  the  United  States  as  a  whole,  not 

one  half  of  the  area  is  adapted  to  agriculture  under  natural 

conditions;    indeed,  probably  one  third  is  nearer  the  truth. 


orange 
groves. 


THE  LAND  277 

We  must  subtract  all  the  mountainous  areas,  from  the  Ap- 
palachians to  the  coast  ranges;  we  must  subtract  large  parts 
of  the  great  plains  and  the  high  plateaus;  we  must  subtract  in 
large  measure  the  rugged  upland  areas  of  New  England  and 
the  Great  Lakes;  we  must  subtract  the  swamp  land;  thus 
leaving  a  mere  remnant  of  the  whole  originally  capable  of 
high  productivity.  In  the  future,  by  reclamation  of  swamps, 
by  the  irrigation  of  arid  lands,  by  the  terracing  of  the  steeper 
slopes,  we  shall  add  a  large  total  acreage  to  the  agricultural 
lands;  but  this  addition  will  be  but  a  small  fraction  as  com- 
pared with  the  lands  naturally  agricultural. 

THE  OWNERSHIP  OF  THE  LAND 

The  land  of  the  United  States  was  owned  originally,  or  The  number 
at  least  was  roamed  over  and  locally  occupied,  by  the  aborig-  °*  Indians, 
ines.  Very  little  of  this  land  was  possessed  in  the  sense  that 
it  was  the  permanent  home  of  an  individual  or  a  group  of 
individuals.  There  is  frequently  misconception  as  to  the 
number  of  Indians  that  lived  in  this  country  before  the  white 
man  appeared.  McGee  estimates  that  there  were  probably 
more  than  1,250,000  and  less  than  2,500,000.  Other  esti- 
mates are  as  low  as  200,000  east  of  the  Mississippi  River. 
Before  the  time  of  the  white  man  there  was  certainly  upon  the 
average  less  than  one  inhabitant  to  the  square  mile. 

First,  the  land  bordering  the  Atlantic  was  taken  possession  The  dis- 
of  by  the  colonists.     This  nation  was  later  bom,  and  the  land,  possession 

•  1       1  •  <•        •  •  1      n       of  the 

With  the  exception  of  minor  reservations,  passed  gradually  Indians, 
from  the  Indians  to  the  citizens  of  the  United  States.  I 
shall  not  undertake  to  discuss  how  this  was  accomplished, 
—  the  legitimacy  of  the  methods,  the  fairness  with  which  the 
Indians  were  treated,  or  any  of  those  questions  which  belong 
to  the  domain  of  history.  Sufficient  to  say  that  the  inevi- 
table happened.  It  has  been  true  in  the  United  States  as  in 
every  part  of  the  world  that  when  a  highly  civilized  people 
have  appeared  capable  of  occupying  the  land  in  large  num- 
bers, and  capable  of  developing  its  resources,  they  have 
dispossessed  a  weaker,  aboriginal  people,  either  justly  or  im- 
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justly.  We  may  wish  that  it  could  have  occurred  with  a 
greater  degree  of  fairness,  but  that  it  must  have  occurred  was 
inevitable.  The  great  principle  of  the  greater  good  to  the 
greater  number  must  after  all  control. 

In  colonial  times  the  lands  were  granted  in  large  parcels 
by  the  king  of  England  through  royal  charter;  for  instance, 
to  Penn  and  Fairfax.     Sales  were  made  by  these  original 
charter  owners  to  the  settlers. 
Cessions  After  the  Revolution  the  lands  west  of  the  AUeghanies  and 

il^daT  east  of  the  Mississippi  belonging  to  the  original  thirteen  states 
largely  became  the  property  of  the  United  States  government. 
The  cessions  of  the  western  lands  came  from  the  states  of 
Massachusetts,  Connecticut,  New  York,  Virginia,  North  Caro- 
lina, South  Carolina,  and  Georgia.  The  lands  later  making 
the  states  of  Vermont  and  Maine  were  not  ceded  to  the  United 
States.  Also  there  were  other  reservations  by  these  states, 
notable  among  which  was  the  Western  Reserve  by  Connecticut. 
New  Hampshire,  Rhode  Island,  New  Jersey,  Pennsylvania, 
Delaware,  and  Maryland  owned  no  western  lands  and  there- 
fore made  no  cessions.  According  to  Donaldson,*  land  ceded 
by  the  original  states  to  the  United  States  aggregated  404,956 
square  miles,  or  259,171,787  acres.  This  area  constituted  the 
public  domain  before  1803. 
Govern-  The  great  accessions  to  the  public  domain  came  from  pur- 

purdiase  chases  from  France,  Spain,  Mexico,  and  Russia.  Also  a 
of  land.  small  amount  of  land  was  purchased  from  Texas,  although 
that  state  when  it  came  into  the  Union  retained  the  major 
portion  of  its  pubhc  lands  and  has  disposed  of  them  under 
its  own  laws.  Donaldson  gives  the  average  cost  of  the  land 
purchased  by  the  United  States  at  5.1  cents  per  acre. 
Original  The  lands  acquired  by  the  government  were  indeed  a  mag- 

^bUc  °^ '      nificent  domain.     Excluding  Alaska  they  constituted  a  great 
domain.         band  of  the  temperate  zone  across  a  continent  more  than  two 
and  one  quarter  million  square  miles  in  area,  — 1,441,436,160 
acres,  according  to  the  Public  Land  Conmiission  of  1903.    This 
vast  area  has  been  occupied  in  one  and  a  quarter  centuries. 

^  "The  Public  Domain,"  by  Thomas  Donaldson,  Oovemment  Printing 
Office,  Washington,  1884. 
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When  the  United  States  began  to  dispose  of  the  public  Liberal 
lands,  the  country  was  sparsely  occupied  east  of  the  AUe-  *^  ^^'^' 
ghanies,  and  west  of  those  mountains  were  only  scattered  in- 
habitants. It  was  not  unnatural  under  these  conditions,  with 
comparatively  few  people  living  in  this  apparently  boundless 
domain,  stretching  from  the  Alleghanies  to  the  Pacific  Ocean^ 
that  liberal  land  laws  should  be  adopted.  It  was  not  im- 
natural  for  the  people  to  beheve  that  there  would  be  enough 
land  to  supply  all  the  demands  through  the  indefinite  future; 
indeed,  that  behef  held  until  a  comparatively  few  years  ago. 
It  is  not  so  many  years  since  we  heard  the  song:  ''Uncle 
Sam  is  rich  enough  to  give  us  all  a  farm." 

The  better  part  of  the  public  domain  has  now  passed  to  Land 
private  parties,  and  during  the  closing  years  of  the  nineteenth  ^"^s®^- 
century  the  land  hunger  of  hundreds  of  thousands  of  the  citi- 
zens of  the  United  States  was  for  the  first  time  unsatisfied. 
With  these  new  conditions  confronting  us,  we  naturally  are  led 
to  inquire  as  to  the  nature  of  the  laws  under  which  the  public 
domain  has  been  disposed  of,  and  their  manner  of  operation. 
This  is  important  in  order  that  we  may  reach  wise  conclusions 
as  to  what  shall  be  done  with  the  remnant  of  the  lands  which 
still  belong  to  the  United  States.  The  disposal  of  the  public 
domain  is  a  very  complicated  subject  and  in  these  lectures 
I  can  only  briefly  discuss  some  of  the  more  important  phases 
of  it.i 

THE   LAND   LAWS 

The  public  lands  were  first  regarded  as  an  asset  to  the  gov-  The  price 
ernment  to  be  disposed  of  to  pay  its  debts  and  to  increase  its  jf^ds^^^^ 
revenues.     Therefore  the  first  land  laws  provided  for  their 
sale. 

^The  data  upon  which  the  statements  concerning  the  disposal  of  the 
public  lands  are  made  are  mainly  taken  from  the  following  sources:  — 

*'  The  Public  Domain,"  by  Thomas  Donaldson,  47th  Congress,  2d  session. 
House  of  Representatives,  Miscellaneous  Document  45,  No.  4,  Washington, 
1844; 

Reports  of  the  Commissioner  of  the  General  Land  Office,  for  the  years 
ending  June  30,  1907  and  1909. 

Information  furnished  me  by  personal  letter  through  the  courtesy  of 
Fred  Dennett,  Commissioner  of  the  General  Land  Office. 
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Interpreta-        The  early  sales  of  land  under  the  laws  of  1784,  1787,  and 
^^°^fi_.^     1792  were  at  prices  which  for  the  most  part  netted  the  govern- 
ment 661  cents  to  75  cents  per  acre;   and  the  highest  price 
received  was  $1  per  acre;  but  the  acreage  disposed  of  a' 

prices  was  not  large.     The  first  general  land  act  was  pa. :  ..i 

1796.  Under  this  act  and  that  of  1800,  the  land  after  being 
surveyed  was  sold  at  public  sale  to  the  highest  bidder  at  not 
less  than  $2  per  acre.  Private  sale  was  also  permitted  for 
lands  offered  at  public  sale,  but  not  disposed  of,  at  a  minimum 
price  of  $2  an  acre.  In  1820  the  minimum  price  of  land 
sold  at  public  or  private  sale  was  fixed  at  $1.25  per  acre, 
which  price  has  remained  in  force  to  the  present  time,  with 
the  exception  of  certain  special  classes  of  land,  as  for  instance, 
mineral  lands,  fractional  parts  of  160  acres,  certain  lands  near 
railroads,  etc.,  on  which  there  was  a  "double  minimum" 
price  of  $2.50  per  acre. 

The  law  permitting  private  sale  was  repealed  in  1889,  and 
in,  1891  the  law  authorizing  public  sale  was  finally  repealed 
except  for  special  tracts;  for  instance,  isolated  areas  and 
certain  Indian  lands.  From  time  to  time  large  tracts  of  land 
have  been  offered  for  public  sale,  and  the  lands  not  sold  at 
public  sale  have  been  disposed  of  at  private  sale  uniformly 
at  the  minimum  price.  Thus  it  came  about  that  the  word 
"minimum"  in  the  law  fixing  the  price  at  which  land  could 
be  sold  at  private  entry  was  e^rly  interpreted  by  the  land 
department  as  the  normal  price.  There  was  no  attempt 
to  appraise  the  land,  or  charge  at  private  sale  any  other  than 
the  minimum  price.  Undoubtedly  in  this  administration  of 
the  law  the  government  land  office  followed  the  prevailing 
sentiment,  the  desire  of  the  people  being  that  the  land  should 
be  freely  and  rapidly  disposed  of  in  order  to  develop  the 
country. 
i^Jnount  The  cash  sales  to  June  30,  1880,  amounted  to  169,832,565 

acres.  This  amount,  however,  includes  all  the  land  disposed 
of  to  this  date  under  the  preemption  law  and  under  the  com- 
mutation clause  of  the  homestead  act,  to  be  subsequently 
mentioned.  From  June  30, 1880,  to  June  30, 1909,  there  were 
disposed  of  at  private  sale  11,160,301  acres  and  at  public 
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auction  1,522,423  acres.    This  makes  the  total  here  included 
182,515,289  acres. 

The  first  general  preemption  law  was  enacted  in  1841.  Early  pay- 
Under  this  law  160  acres  could  be  preempted.     The  preemp-  ™^^*  ^°f  , 

^  ^  ^  ^      preempted 

tor  was  required  to  file  a  claim  of  settlement  within  three  land, 
months  of  the  time  of  preemption;  and  it  was  necessary  to 
make  the  required  improvements  and  final  payment  of  $1 .25 
per  acre  within  thirty-three  months  additional,  or  three  years 
from  the  time  of  the  preemption.  But  there  was  a  clause 
in  this  law  which  permitted  payment  to  be  made  at  the  end 
of  six  months.  This  inevitably  led  to  land  speculation. 
While  much  of  the  land  was  taken  up  by  individuals  with 
the  hope  of  becoming  the  owner  of  160  acres,  many  entries 
were  made  with  the  expectation  of  disposing  of  the  land  at 
an  advance  before  the  time  that  it  was  necessary  to  make 
payment. 

After  the  law  permitting  private  sale  of  land  was  repealed  Dummy 
in  1889,  the  preemption  law  was  used  to  acquire  large  tracts  ^^^^^s- 
by  the  method  of  dummy  entry,  in  which  men  acting  for  other 
parties  made  the  entries  and  payment  as  soon  as  practicable, 
and,  immediately  upon  receipt  of  patent,  transferred  the 
land  to  the  person  who  employed  them.  A  result  of  the  pre- 
emption law  has  been  that  many  large  holdings  have  been 
secured  by  individuals  and  corporations  in  clear  violation 
of  the  intent  of  the  law,  which  was  that  one  individual  should 
secure  only  160  acres.  In  1891  the  preemption  was  finally 
repealed. 

Under  the  preemption  law  from  June  30,  1880,  to  June  30,  Preemption 
1909,   there  were  sold  27,361,836  acres.     Sales  under  this  ^^^• 
law  before  1880  have  been  included  in  the  statement  on 
the  previous  page. 

In  1854  a  so-called  graduation  act  was  passed  to  '^  cheapen 
the  price  of  lands  long  in  the  market  for  the  benefit  of  actual 
settlers  and  for  adjoining  farms.''  This  law  was  repealed  in 
1862.  Under  it  25,696,420  acres  of  land  were  sold  at  prices 
less  than  $1.25  per  acre. 

To  this  point  in  the  discussion  it  will  be  noted  that  land 
had  been  obtainable  from  the  government  only  by  the  pay- 


282    CONSERVATION  OF  NATURAL  RESOURCES 


Conditiona 
of 

homestead 
act. 


The  com- 
mutation 
clause. 


ment  of  a  certain  amount.  In  1862  was  passed  the  homestead 
ad,  the  most  important  of  all  the  land  laws,  which  really 
resulted  in  the  occupying  of  the  land  by  bona-fide  settlers. 
The  homestead  act  was  extended  to  include  Alaska  in  1898. 
Under  the  homestead  law  in  the  United  States  only  160  acrea 
of  land  may  be  entered;  in  Alaska  until  1903  the  homestead 
entry  was  limited  to  80  acres,  but  at  that  time  was  extended 
to  320  acres. 

Under  the  homestead  law,  land  taken  up,  after  five  years 
of  residence,  improvements,  and  cultivation,  is  patented 
without  cost,  except  for  the  fees.  Two  years  additional 
beyond  the  five  years  may  be  taken  before  "proving  up" 
and  securing  patent.  So  far  as  this  act  was  used  by  the  gen- 
uine homesteaders,  this  additional  time  has  been  frequently 
taken. 

The  homestead  law  has  a  so-called  commutation  clause  in 
it,  under  which,  after  six  months'  residence,  by  the  payment 
of  $1.25  per  acre  the  land  could  be  secured.  In  1891  this  was 
changed  to  fourteen  months*  residence,  and  it  was  the  clear 
intent  of  the  law  that  this  should  be  the  minimMrn  residence 
required  to  secure  land.  But  the  land  oflBce  construed  that 
as  a  man  had  six  months  to  settle  after  he  had  filed  his  claim, 
these  six  months  might  be  accepted  as  a  part  of  the  fourteen 
months;  and  therefore  only  eight  months  of  actual  residence 
were  required.  This  practice  was  continued  until  a  year  or 
two  ago,  when  the  land  oflBce  gave  orders  that  the  full  fourteen 
months'  residence  was  necessary. 

Because  of  the  commutation  clause,  so  far  as  speculation 
was  concerned,  the  homestead  act  was  not  a  great  improve- 
ment upon  the  preemption  law.  Final  payment  could  be 
made  in  either  case  after  six  months*  residence,  or  later,  in  the 
case  of  the  homestead  act,  after  eight  months'  actual  residence. 
While  the  homestead  law  resulted  in  hundreds  of  thousands 
of  homes,  it  gave  the  same  opportunity  for  fraud  as  the  pre- 
emption law,  in  that  the  commutation  clause  allowed  the 
taking  up  of  numerous  areas  of  land  through  dummy  entry- 
men  for  individuals  or  corporations  desiring  large  holdings. 
The  great  estates  which  exist  in  the  prairie  plains  and  in  the 
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great  plains  are  in  large  measure  the  results  of  the  preemp- 
tion law  and  the  commutation  clause  of  the  homestead  act, 
although  it  is  true  that  some  of  these  have  been  produced 
by  the  purchase  of  adjacent  holdings. 

Mr.  H.  H.  Schwartz/  special  agent  of  the  land  office,  Land 
says,  in  reference  to  the  coromutation  clause  of  the  home-  ^'■^"^^• 
stead  act:  "It  has  been  my  experience  in  ten  years  of 
field  service  that  the  commutated  homestead  is  almost 
universally  an  entry  initiated  with  a  full  intent  never  to 
make  the  land  a  home.  Before  the  timber  and  stone 
law  was  extended  to  all  public-land  states  the  commu- 
tation clause  in  the  homestead  law  was  the  vehicle 
through  which  timber  was  fraudulently  acquired  from  the 
government.  It  has  been  my  personal  experience  to 
examine  solid  townships  in  northern  Wisconsin,  in  which 
practically  all  the  even-numbered  sections  had  been  ac- 
quired under  the  homestead  law,  •  quite  generally  commu- 
tation. The  timber  had  been  cut  off  after  patent,  and 
yet  not  a  single  voter  or  inhabitant  could  be  found  in  the 
township." 

Mr.  Schwartz  says  further:  ''The  government  got  $400 
a  quarter  section  for  lands  frequently  worth  from  $10,000 
to  $20,000.  More  recently  actual  farmers  have  purchased 
these  stump  lands  from  the  mill  companies." 

He  goes  on  to  say:  "Actual  inspection  of  hundreds  of  com- 
mutated homesteads  shows  that  not  one  in  a  hundred  is  ever 
occupied  as  a  home  after  commutation.  They  become  part 
of  some  large  timber  holding,  or  parcel  of  a  cattle  or  sheep 
ranch." 

Continuing:   "Since  the  passage  of  the  first  commutation  Extent  of 
clause  in  the  homestead  law  in  1862  there  have  been  to  1909  ^°^~^. 

mutation. 

practically  35,000,000  acres  of  land  acquired  thereunder. 
The  government  received  probably  $70,000,000  for  lands 
worth  over  $350,000,000  at  the  time  title  left  the  United 
States.     The   average   yearly  acreage   commuted  has  been 

1  "The  Timber  and  Stone  Act  and  the  Commutation  Clause  of  the  Home- 
stead Act,"  by  H.  H.  Schwartz,  Report  National  Conservation  Commission, 
Vol.  Ill,  pp.  390-392. 
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approximately  600,000.  It  is  noted,  however,  that  in  the  past 
few  years  the  acreage  of  land  annually  commuted  has  largely 
increased.  In  1905  there  was  a  slight  excess  above  1,400,000 
acres  sold;"  the  year  ending  June  30,  1909,  the  acreage  had 
increased  to  2,907,783. 

According  to  the  commissioner  of  the  land  oflSce,  to  June 
30, 1909,  there  have  been  patented  under  the  homestead  laws 
115,124,295  acres.  Of  this  area  there  were  commuted  from 
June  30,  1880,  to  June  30,  1909,  30,638,106  acres.  The  year 
ending  June  30,  1909,  there  were  patented  under  the  home- 
stead law  6,534,090  acres,  of  which,  as  already  noted,  nearly 
3,000,000  acres  were  commuted.  It  appears  from  the 
figures  given  that,  of  the  land  acquired  under  the  homestead 
law,  about  one  third  has  been  commuted,  with  the  results 
described  by  Schwartz.  It  is  perfectly  clear  that  the  com- 
mutation clause  of  the  homestead  act  should  be  repealed  at 
once. 

Under  the  mineral  land  adj  from  its  passage  in  1866  to  June 
30,  1909,  1,541,607  acres  have  been  disposed  of.  Under 
the  coal  land  act,  from  its  passage  in  1873  to  June  30,  1909, 
505,920  acres  have  been  sold.  Since  these  acts  are  discussed 
in  another  place  (see  pp.  35-44,  98-101),  they  will  not  be 
further  considered  here. 

The  next  of  the  laws  which  have  led  to  the  acquiring  of  a 
large  amount  of  land  without  satisfactory  results  is  the  timber 
culture  act  of  1873.  Under  this  act,  in  addition  to  acquiring 
160  acres  under  the  homestead  law,  a  man  could  acquire  160 
acres  more,  provided  10  acres  of  timber  were  planted 
and  maintained  for  a  period  of  ten  years.  Frequently,  even 
when  the  required  area  of  timber  was  set,  it  was  not  kept  up, 
and  oftentimes  the  claim  was  relinquished  or  taken  up  under 
the  homestead  act  or  commuted  or  assigned  to  another  for  a 
consideration.  Under  this  act,  to  June  30,  1909,  10,865,480 
acres  of  land  have  been  patented,  and  1,010,305  acres 
were  commuted,  making  the  total  acreage  disposed  of  un- 
der this  act  11,875,785.  The  timber  which  has  resulted 
from  this  law  is  insignificant  in  amount,  but  under  it  a  large 
amount  of  land   has   passed   from  the  public  domain  \\ith 
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"some  fraud  and  much  speculation."*  In  consequence  of 
these  results  this  law  was  repealed  in(  1901.  ,, 

The  next  law  requiring  consideration  is  the  timber  and  stone  Change  in 
act  of  1878.  This  act  gave  the  right  to  purchase  "160  acres  j.^^^'^f^^'^, 
of  unappropriated,  uninhabited,  unreserved,  nonmineral  "minimum, 
public  land  of  the  United  States,  unfit  for  cultivation,  and 
available  chiefly  for  timber  and  stone,  at  the  minimum  price 
of  $2.50  per  acre."  The  law  reads:  " may  be  sold  at  the  min- 
imum price  of  $2.50  an  acre."  From  1878  to  1908,  thirty 
years,  this  word  "minimum"  as  in  the  case  of  the  various  land 
laws,  was  interpreted  by  the  department  to  mean  "maximum," 
and  all  the  land  sold  under  this  act  was  at  this  minimum  price 
of  $2.50  per  acre.  In  December,  1908,  without  any  act  of 
Congress,  or  change  of  law,  the  land  department  reinterpreted 
this  term,  and  the  land  disposed  of  xmder  this  act  from  that 
time  has  been  appraised.  The  main  effect  of  the  timber  and 
stone  act  has  been  to  transfer  large  tracts  of  timber  to  indi- 
viduals and  corporations.  While  it  was  the  intent  of  the  law 
that  the  land  should  be  taken  up  by  the  individual  holder  for 
his  own  benefit,  as  a  matter  of  fact  the  greater  portion  of  the 
land  acquired  under  the  law  soon  passed  to  large  holdings. 
It  is  this  law  which  has  led  to  the  concentration  of  the  great 
areas  of  timber  in  the  West. 

Schwartz,^  special  agent  of  the  government  land  office,  says  Losses  of 

in  reference  to  the  timber  and  stone  act:    "This  law  has  re-  govern- 
ment. 

suited  in  the  sale  of  over  12,000,000  acres  (to  June  30,  1909, 
12,566,015)  of  valuable  timber  lands,  of  which  fully  10,000,000 
acres  were  transferred  to  corporate  or  individual  timberland 
investors  by  the  entrymen.  These  lands  brought  to  the  people 
or  general  government  a  gross  sum  of  $30,000,000.  At  the 
date  of  sale  they  were  reasonably  worth  $240,000,000.  The 
profit  of  over  $200,000,000  went  not  to  the  needy  settler  en- 
gaged in  subduing  the  wilderness,  but  to  the  wealthy  investors. 
Not  over  a  fractional  part  of  one  per  cent  of  the  timber  pur- 

1  "Summary  of  Most  Important  Land  Laws,"  by  Knute  Nelson.  Annals 
of  the  American  Academy  of  Political  and  Social  Science,  Vol.  XXXIII,  No. 
3,  pp.  615-617. 

2 "The  Timber  and  Stone  Act,"  H.  H.  Schwartz,  Report  N.  C.  C,  Vol. 
Ill,  p.  387. 
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chased  from  the  United  States  under  this  act  is  held,  consumed, 
or  even  cut  by  the  men  and  women  who  made  the  entries." 
And  this,  notwithstanding  the  fact  that  all  entrymen  swear  that 
they  do  not  intend  to  purchase  for  speculation,  but  for  their 
own  use  and  benefit;  that  they  have  not  directly  or  in- 
directly made  any  agreement  or  contract  in  any  way  or  man- 
ner, with  any  person  or  persons  whatever,  by  which  any  one 
shall  acquire  the  title  to  the  land;  that  the  entry  is  not  made 
with  the  intent  to  sell  if  the  market  improves,  etc. 

This  situation  very  well  illustrates  the  demoralizing  effect 
of  a  defective  land  law.  The  timber  and  stone  act  should  be 
repealed;  and  if  any  timber  is  dispoeed  of,  this  should  be 
done  only  after  appraisal,  and  by  public  sale  at  a  price  not 
lower  than  the  appraised  value. 

The  next  laws  which  led  to  the  taking  up  of  large  areas  of 
the  public  domain  are  the  desert  land  acts  of  1887  and  1891. 
Under  these  acts  there  were  permitted  to  be  entered  in  the 
western  states  and  territories  any  lands  which  were  not  suffi- 
ciently watered  to  raise  a  crop  without  irrigation  (640  acres 
under  the  act  of  1887,  reduced  to  320  acres  under  the  act  of 
1891),  provided  improvements  were  made  upon  the  land,  and 
the  tract,  or  a  part  of  it,  irrigated.  The  land  office  *  held  that 
one  eighth  of  this  area  should  be  reclaimed  and  actually  irri- 
gated in  order  to  make  the  claim  valid.  In  many  cases  this 
has  been  more  or  less  perfunctory,  the  irrigation  being  kept 
up  only  in  a  tentative  way  and  continued  a  short  time  until 
patent  was  acquired,  and  then  the  land  used  for  grazing  or  other 
purposes.  This  act  has  a  clause  by  which  the  claims  made 
under  the  law  may  be  assigned.  In  1904  the  public  land  com- 
mission which  investigated  the  operation  of  this  law  recom- 
mended that  this  clause  be  repealed,  that  the  size  of  the  claim 
be  reduced  to  160  acres,  that  two  years  of  actual  residence  be 
required,  and  that  a  valuable  crop  be  produced  on  one 
fourth  of  the  area  by  irrigation  T;snth  sufficient  water.  Under 
the  desert  land  act,  to  June  30, 1909, 5,149,546  acres  had  been 
patented. 


^  Report  of  the  Public  Land  Commissioner,  58th  Congrcw.  3d  Seaion* 
Senate  Documents,  189:  Washington  Gov&nment  Printing  Office,  1906. 
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The  latest  act  for  the  entering  of  land  by  settlers  is  that  of  Enlarged 
the  enlarged  homestead  act,  passed  in  1909.  Under  this  act,  ^°i^®^*®^ 
in  the  states  of  Colorado,  Montana,  Nevada,  Oregon,  Utah, 
Washington,  and  Wyoming,  and  the  territory  of  Arizona,  320 
acres  of  agricultural  land,  not  susceptible  of  irrigation,  may  be 
entered  under  provisions  similar  to  those  of  the  homestead  law, 
with  the  additional  ones  that  one  eighth  of  the  land  must  be 
cultivated  the  second  year,  and  thereafter,  one  fourth  continu- 
ously; also  that  in  case  there  is  not  sufficient  water  for  domestic 
purposes  continuous  residence  is  not  required,  provided  the  por- 
tions of  land  cultivated  the  second  and  third  years  are  as  above 
stated,  and  one  half  during  the  fourth  and  fifth  years.  Resi- 
dence cannot  be  commuted  by  payment  under  this  act;  its 
purpose  is  to  provide  for  dry  farming  on  the  nonirrigable 
arid  lands  of  the  West. 

Large  tracts  of  the  public  domain  have  been  disposed  of  as 
military  bounties,  under  laws  of  1812,  1847,  1850,  1852,  and 
1885.  To  June  30,  1909,  the  acreage  patented  was  63,958,- 
631  acres,  leaving  still  to  be  settled  warrants  outstanding  to 
the  amount  of  2,115,399  acres. 

Also  considerable  tracts  of  land  have  been  located  by  mis-  Value 
cellaneous  varieties  of  scrip,  such  as  surveyors  general,  Indian,  °  ®^"^' 
forest  reserve,  lien  land,  etc.  Excluding  the  outstanding  military 
bounty  scrip  and  the  agricultural  scrip  to  be  mentioned  later, 
Dennett  estimates  that  1,617,800  acres  have  been  thus  located. 
While  scrip  granted  to  the  Indian  or  the  soldier  was  intended 
to  be  used  for  his  benefit,  many  of  the  rights  have  been  assign- 
able to  other  parties  at  ridiculously  low  figures,  50  cents  up 
for  160  acres.  Since  scrip  entitled  the  owner  to  locate  upon 
any  public  land  open  for  entry,  and  since  the  amount  which 
could  be  acquired  by  any  one  man  was  not  limited,  it  became 
very  available.  It  furnished  another  method  which  has  been 
taken  advantage  of  to  secure  large  consolidations  of  land  or 
lands  in  close  contiguity. 

Vast  areas  of  the  public  domains  were  granted  as  subsidies 
to  railway,  wagon-road,  canal,  and  river  improvement  com- 
panies. 

The  amount  of  the  mz7road  grants  is  enormous.    To  June  30, 
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1909,  according  to  the  commissioner  of  the  land  office,  the 
railroad  grants  patented  directly  and  through  states  amounted 
to  113,912,454  acres,  leaving  outstanding  claims  to  be  adjusted 
for  many  millions  of  acres  in  addition. 

Also,  to  the  same  date  2,962,964  acres  were  granted  through 
several  states  to  companies  for  the  construction  of  uoagon 
roads.  For  instance,  more  than  eight  townships  of  land  were 
granted  for  constructing  a  so-called  military  road  through  the 
forests  of  the  upper  peninsula  of  Michigan.  This  grant  be- 
came a  part  of  the  great  Ayer  estate.  This  road  itself  was,  I 
believe,  never  traversed  by  a  military  expedition,  and  by  but 
few  people;  it  served  no  public  nor  private  purpose.  Yet 
the  tract  of  land  which  was  given  for  its  construction  included 
an  area  of  land,  much  of  it  containing  valuable  pine,  four  times 
as  large  as  the  land  grants  to  the  states  for  university  pur- 
poses. 

To  canal  companies,  mainly  through  states,  there  were 
granted  4,597,668  acres.  Some  of  the  individual  grants  here 
included  were  very  large,  as,  for  uistance,  the  three  fourths 
of  a  million  acres  for  the  construction  of  the  canal  around 
the  falls  of  St.  Mary's  River,  and  the  400,000  acres  for  the 
ship  canal  across  Keweenaw  Point.  For  river  improvements 
there  were  granted  2,245,252  acres. 

To  June  30,  1909,  the  total  amount  of  land  patented  by  the 
government  directly  or  through  the  states  to  railroad,  wagon- 
road,  canal,  and  river  improvement  companies  amounted  to 
123,718,338  acres. 

Undoubtedly  many  grants  to  railroads  and  for  other  public 
improvements,  and  especially  the  earlier  ones,  were  made  by 
Congress  in  good  faith,  in  the  belief  that  only  by  such  grants 
could  the  development  of  the  country  be  secured.  But  un- 
doubtedly also  many  of  such  grants  were  not  made  in  conse- 
quence of  public  demand  for  the  improvement;  but  as  a  result 
of  the  pushing  of  individuals  and  corporations  that,  desiring 
a  franchise,  wished  to  get  as  big  a  bonus  as  possible  for  the 
work  to  be  constructed. 

We  have  already  seen  that  the  land  frauds  under  some  of 
the  acts  have  been  numerous.    Congress  appropriated  for 
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the  fiscal  year  June  30,  1907,  $250,000  to  investigate  the  land  Extirpation 

of  land 
frauds. 


frauds,  and  a  like  sum  was  continued  for  the  following  year.  ^^  ^^^^ 


The  amount  for  this  purpose  was  increased  to  $500,000  for 
the  year  ending  June  30,  1909,  and  to  $1,000,000  for  the  year 
ending  June  30, 1910.  According  to  Schwartz,  to  December  1, 
1908,  that  is,  seventeen  months  after  the  law  had  been  passed, 
there  has  been  recovered  about  630,000  acres  of  land  which 
had  been  fraudulently  entered;  there  had  been  released  from 
fences  over  1,000,000  acres  which  had  been  unlawfully  in- 
closed; there  had  been  28,000  cases  investigated;  there  were 
32,000  cases  requiring  investigation;  there  were  pending  before 
the  local  courts  1021  cases;  and  the  work  of  the  investigation 
had  fairly  begun. 

The  report  of  the  commissioner  of  the  land  office  for  the 
year  ending  June  30,  1909,  tells  of  the  land  fraud  work  for 
that  year.  For  trespasses  of  various  kinds  $403,444  had  been 
collected;  1,279,310  acres  had  been  restored  to  the  public 
domain.  With  the  increased  appropriation  available  for  the 
current  year,  the  work  of  the  special  field  service  to  protect 
the  public  from  fraudulent  entry  and  trespass  will  go  on  with 
redoubled  vigor. 

The  far-reaching  degeneration  of  public  morals  in  conse-  Degenera- 
quence  of  defective  land  laws  has  extended  not  only  through-  *^°^|J^^ 
out  the  West,  but  through  the  nation,  and  from  the  humblest  morals, 
citizen  to  those  in  high  places. 

In  contrast  with  this  somewhat  gloomy  picture  of  the  man-  School 
ner  of  disposal  of  the  larger  part  of  the  public  lands,  we  may  ^^^^^• 
mention  the  grants  which  have  gone  for  educational  purposes. 
Those  states  which  were  admitted  prior  to  1848  were  granted 
section  16  in  each  township  for  common  school  purposes; 
beginning  with  1848,  in  each  township  there  were  granted 
sections  16  and  36;  and  Utah  was  granted  sections  2,  16,  32, 
and  36.  Up  to  June  30,  1909,  the  land  which  had  been 
granted  for  these  purposes  amoimted  to  69,048,269  acres. 

For  seminaries  or  universities  two  townships  of  land,  or  University 
their  equivalent,  46,080  acres,  were  set  aside  for  each  state  or  ^^*^' 
territory  having  public  land,  for  the  maintenance  of  higher 
education.    Some  states,  as,  for  instance,  Ohio,  Florida,  Wis- 
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consin,  and  Minnesota,  had  larger  grants  than  the  above. 
Twenty-seven  states  and  territories  have  had  the  advantage 
of  these  grants.  To  the  normal  schools  were  given,  to  June  30, 
1909,  960,000  acres,  and  to  the  universities  2,280,000  acres. 

In  1852  was  made  the  agricultural  mechanical  college  grant 
—  to  each  state,  30,000  acres  for  each  representative  and  sen- 
ator in  Congress  from  that  state.  In  those  states  in  which 
there  was  still  public  domain  the  land  must  be  there  located; 
to  states  in  which  there  were  no  public  lands  scrip  was  issued, 
and  land  open  for  entry  could  be  located  anywhere  on  the 
pubHc  domain.  All  together,  to  June  30,  1909,  there  were 
granted  under  this  act  land  in  place,  2,890,000  acres,  and  land 
scrip,  7,830,000  acres,  or  a  total  of  10,720,000. 

The  grand  total  for  educational  purposes  to  June  30,  1909, 
was  83,008,269  acres. 

The  lands  for  educational  purposes,  after  passing  from  the 
government  to  the  states,  were  disposed  of  under  the  state 
administrations.  The  states  acted  very  differently  with  refer- 
ence to  these  trusts.  Some  of  them  have  wisely  handled  the 
educational  lands,  kept  them  until  they  were  valuable  and 
disposed  of  them  carefully,  or  even  kept  them  to  the  present 
time.  Other  states  have  disposed  of  their  educational  lands 
rapidly  and  at  very  low  prices. 

It  is  estimated  by  the  state  auditor  of  Minnesota  that 
the  probable  future  value  of  the  University  lands  still 
owned  by  the  institution  will  not  be  less  than  $40,000,000. 
In  contrast  with  this  situation,  in  Wisconsin  the  uni- 
versity and  agricultural  college  lands  were  disposed  of  in 
large  measure  at  the  minimum  price  of  $1.25  an  acre;  for 
some  of  them  $1.50  to  $2.50  an  acre  was  received,  and  for  a 
small  amount  an  even  higher  price.  The  result  is  that  the 
total  capital  from  the  sales  of  the  university  land  amounts 
to  about  $300,000  and  for  agricultural  college  lands  to  about 
$288,000. 

It  so  happens  that  a  large  part  of  the  agricultural  land 
scrip  issued  to  the  state  of  New  York  was  purchased  by  Ezra 
Cornell  and  turned  over  to  Cornell  University.  According  to 
President  Schurman,   511,070  acres  of  this  scrip,  the  mam 
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portion,  was  located  on  land  in  the  state  of  Wisconsin.  To 
March,  1910,  this  land  had  given  a  capital  to  Cornell  University 
of  $4,941,761,  leaving  unsold  1699  acres.  This  amount  then 
represents  the  capital  account  of  Cornell  University  agricul- 
tural lands  granted  by  the  United  States  to  the  state  of  New 
York,  located  in  Wisconsin.  President  Schurman  says  that 
the  large  profits  which  Cornell  University  has  realized  from 
the  Morrill  grant  scrip  sprang  directly  from  the  wisdom  and 
foresight  of  Ezra  Cornell. 

But,  even  if,  following  the  example  of  the  United  States  Importance 
government,  a  large  part  of  the  land  granted  to  the  states  for  ??  ^duca- 

,         ..         ,  ox-  o  tional 

educational  purposes  was  sold  at  very  low  rates,  these  grants  grants. 
are  the  basis  of  the  great  system  of  free  public  education 
in  this  country.  Doubtless  with  the  strong  democratic  senti- 
ment of  America,  the  conmion  schools  would  have  developed 
without  grants  for  this  purpose;  but  there  is  no  question  that 
the  extension  of  the  common  schools  has  been  very  greatly 
promoted  by  the  money  derived  from  the  land  grants. 

With  reference  to  public  higher  education,  the  lands  granted  The  state 
were  their  very  foimdation.  Early  in  the  history  of  the  coun-  universities, 
try,  following  the  English  precedents,  higher  education  was 
supported  only  by  private  funds.  It  was  not  regarded  as  ap- 
propriate to  use  money  derived  from  taxes  for  this  purpose. 
The  grants  to  the  universities  in  each  of  the  states  admitted 
since  1848  have  resulted  in  founding  state  universities,  and  the 
growth  of  these  universities  has  reacted  upon  the  growth  of 
the  state  universities  established  in  the  older  states.  At  the 
present  time  half  of  the  Association  of  American  Universities, 
including  the  22  larger  institutions  in  the  country,  are  state 
universities. 

Of  equal  importance  with  the  university  grants  was  the  Theagri- 
Morrill  grant  of  1862,  which  gave  land  to  the  older  states  as  I'^^^^l 
well  as  to  the  newer  for  the  establishment  of  agricultural 
and  mechanical  colleges.  This  great  group  of  colleges,  one 
of  which  is  in  every  state  in  the  Union,  is  the  direct  result  of 
this  grant.  The  profound  importance  and  far-reaching  effect 
of  agricultural  education  are  dwelt  upon  in  another  place 
(see  pp.  353-358). 
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The  establishment  of  the  state  universities  and  agricultural 
colleges  has  had  a  far-reaching  reaction  upon  secondary 
education,  so  that  the  high  schools  of  the  country  are  at  a 
much  higher  stage  of  development  than  they  would  have 
been  had  the  higher  institutions  not  been  established.  Al.so 
the  universities  and  agricultural  colleges,  in  addition  to  im- 
parting knowledge  to  students  who  come  to  them,  have  under- 
taken the  great  task  of  extension  of  knowledge. 

To  trace  the  widespread  influence  of  the  educational 
public  land  grants  would  in  itself  require  a  book.  The  con- 
servation of  the  natural  resources  of  the  country,  if  accom- 
plished, will  only  be  possible  through  education.  The  benefi- 
cent effects  of  the  public  land  grants  for  education,  even 
from  the  point  of  view  of  conservation,  extend  beyond  pos- 
sible computation. 

Under  the  acts  of  1849  and  1850  the  swamp  lands  of  the 
public  domain  were  granted  to  the  states  in  which  they  are 
located.  To  June  30,  1909,  the  states  had  received  under 
these  laws  66,554,804  acres.  Since  the  swamp  lands  are  else- 
where discussed  (see  p.  269),  they  will  not  be  further  con- 
sidered here. 

In  addition  to  the  swamp  lands,  to  June  30,  1880,  there 
were  special  donations  to  Florida,  Oregon,  Washington,  and 
New  Mexico^  amounting  to  3,084,797  acres;  and  saline 
lands  to  various  states  amounting  to  559,965  acres. 

Also  there  have  been  various  special  grants  to  states.  Among 
these  are  the  grants,  under  the  Cary  Act  of  1905,  to  certain 
western  states.  Under  this  act,  to  June  30,  1909,  2,657,488 
acres  of  land  had  been  segregated,  of  which  297,665  had  been 
patented.  Since  I  have  already  spoken  of  this  subject  in 
connection  with  irrigation  (see  pp.  193-194),  I  shall  not 
further  allude  to  it  here. 


THE   PRESENT   SITUATION 


It  was  the  apparent  attempt  of  the  land  laws,  from  the 
time  of  the  preemption  act  of  1841,  to  provide  for  holdings 
of  small  size,  with  the  idea  that  the  lands  would  be  taken  by 
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individuals  for  their  own  benefit;  but  the  laws  were  so  drawn 
and  administered  as  to  have  permitted  the  results  described. 
Of  our  magnificent  original  domain  in  the  United  States 
amounting  to  some  1,400,000,000  acres,  more  than  one  half 
has  passed  from  the  control  of  the  government.  What  has 
become  of  this  land,  is  shown  in  summary  by  the  three 
tables  following,  which  represent  a  recapitulation  of  data 
already  given.^ 

TABLE  SHOWING  LANDS  DISPOSED  OF  TO  JUNE  30,  1909,  TO 
INDIVIDUALS  AND  CORPORATIONS,  THE  LATTER  LARGELY 
THROUGH  STATES 

1.  Lands  disposed  of  by  cash  sale,  including  pre- 

emption and  commutation  homestead  sales 

to  1880,  but  not  since  that  date    ....  182,515,289 

2.  Preemption  act,  July  1, 1880  to  June  30, 1909  27,361,836 

3.  Graduation  act 25,696,420 

4.  Homestead  act 115,124,295 

5.  Mineral  and  coal  lands 2,047,527 

6.  Timber  culture  act 11,875,785 

7.  Timber  and  stone  act 12,566,015 

8.  Desert  land  act 5,149,546 

9.  Military  bounty 63,958,631 

10.  Scrip  other  than  military  bounty  and  agri- 

cultural college 1,617,800 

11.  Corporation  grants 123,718,338 

Totals  to  individuals  and  corporations  .     .      571,631,482 

TABLE   SHOWING   LAND  DISPOSED   OF  TO   STATES 

1.  Educational 83,008,269 

2.  Swamp  lands 66,554,804 

3.  Special  donations  to  Florida,  Oregon,  Wash- 

ington, and  New  Mexico 3,084,797 

4.  Saline  lands 559,965 

5.  Gary  Act 297,665 

6.  Other  special  grants  not  determined    .     .     .      

Total  state  grants 153,505,500 4- 

TABLE   SHOWING   RESERVED   LANDS   IN   THE   UNITED   STATES 

1.  National  parks,  June  30,  1909 3,624,472 

2.  National  forests,  June  30,  1909    .     .     .     .     .     .     .     194,505,325 

3.  Forest     administrative     sites,     outside     national 

forests,  November  1,  1909 19,974 

1  The  figures  in  these  tables  are  only  approximate  ;  doubtless  in  some 
cases  they  are  too  small ;  in  others  they  probably  overlap  ;  but  they  pre- 
sent the  general  situation  as  it  is. 
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4.  National  monuments,  June  30,  1909 846,603 

5.  Indian  reservations,  June  30,  1909 48,477,796 

6.  Military  reservations,  June  30,  1909 839,724 

7.  Reservations  for  reclamation,  June  30,  1909,  esti- 

mated by  Dennett 25,000,000 

8.  Coal  lands,  U.  S.,  November  1,  1909       ....         43,734,747 

9.  Oil  lands,  March  4,  1910 3,487,076 

10.  Phosphate  lands,  March  4, 1910 2,504,103 

11.  Power  sites,  March  4,  1910 1,300,000 

12.  Winter  game  refuge,  November  1,  1909  ....  138,240 

Making  a  total,  not  including  reservations  for 

birds  for  which  area  has  not  been  obtained,  of  324,478,060 

To  June  30,  1909,  the  area  unappropriated  and  unreserved 
in  the  United  States  amounted  to  363,338,043  acres. 

Putting  these  results  together  we  have  accounted  for  the 
following:  — 

Lands  disposed  of  to  individuals  and  oorporatioiis    .  571 ,631 ,482 

Granted  to  states  for  various  purpoees      ....  153,505,500 

Reservations 324,478,060 

Unreserved  and  unappropriated        363,338.043 

Total  accounted  for 1,412,953»085 


Subtracting  this  amount  from  the  estimated  amount  of 
the  original  public  domain  in  the  United  States,  1,441,436,160, 
leaves  28,483,075  unaccounted  for.  A  large  part  of  this  dis- 
crepancy is  probably  explained  by  lands  upon  which  claims 
have  been  filed  and  are  not  yet  adjusted.  Thus  at  the 
present  time  the  railroads  have  claims  for  many  million  acres 
which  have  not  been  patented.  Also,  as  has  already  been 
indicated,  there  have  been  special  grants  to  states  and  reser- 
vations of  certain  kinds,  which  have  not  been  included  in 
the  foregoing  because  their  amounts  are  undetermined. 
Finally  the  above  tables  are  not  based  upon  figures  having 
the  same  date,  and  this  fact  introduces  undetermined  dis- 
crepancies. 

All  of  the  above  is  in  reference  to  the  lands  in  the  United 
States.  In  Alaska  there  are  378,165,760  acres,  of  which 
368,016,038  acres  are  unappropriated  and  unreserved. 

It  will  be  seen  from  the  figures  given  in  the  above  table 
that  the  grants  to  corporations  exceed  by  8,594,043  acres 
the  amount  which  was  taken  up  under  the  homestead  act; 


THE  LAND  295 

and  it  is  to  be  remembered  that  under  the  homestead  act,  Comparison 

35,000,000  acres  were  commuted,  of  which  at  least  30,000,000  °^  ^^ff  f^^ 

.       ^  .  '       '         small  hold- 

acres  went  to  large  companies.    The  same  is  true,  according  ings. 

to  Schwartz,  of  at  least  10,000,000  acres  under  the  timber 

and  stone  act.     If  we  suppose  that  the  small  holders  received, 

under  the  homestead  law,  85,124,295  acres,  under  the  timber 

claims  act,    10,865,480   acres,   and  under   the  timber  and 

stone  act,  2,566,015  acres;  and  credit  to  the  large  holders 

the  corporation  grants,  123,718,338  acres,  30,000,000  acres 

under  the  commutation  clause  of  the  homestead  act,  and 

10,000,000  acres  under  the  timber  and  stone  act;  it  would 

follow  that  the  large  holders  received  163,718,338  acres  and 

the  small  holders  105,555,790  acres,  or  the  former  more  than 

one  and  one  half  times  as  much  as  the  latter. 

In  the  above  nothing  is  said  about  the  preemption  act, 
nor  of  the  lands  which  went  to  the  states,  since  it  is  impos- 
sible to  determine  the  portion  of  these  lands  which  went  to 
small  and  which  to  large  holdings.  Also  it  is  realized  that  a 
large  portion  of  the  grants  made  to  the  corporations  were  sold 
by  such  corporations  to  small  holders;  however,  with  a  large 
profit  to  the  corporations. 

Notwithstanding  all  the  mistakes  of  our  land  laws,  they  The  land 
resulted  in  giving  farms  to  those  who  desired  homes  imtil  j^^smade 
the  good  lands  were  gone.  This  situation  was  reached  about 
a  score  of  years  ago.  The  result  is  that  the  average  of  the 
holdings  of  the  land  in  this  country  is  still  rather  small. 
The  average  farm  of  the  United  States  in  1906  was  146 
acres;  in  the  older  states  along  the  North  Atlantic  and 
South  Atlantic  and  the  North  Central  and  South  Central 
States,  the  average  was  103.4  acres;  and  in  the  newer  states, 
those  west  of  the  Mississippi  River,  the  average  was  297.7 
acres.  The  difference  in  the  average  holdings  in  the  East 
and  West  shows  where  the  defects  of  the  laws  were  taken 
advantage  of.  The  large  holdings  of  the  choice  lands  are 
mainly  in  the  West. 

In  1878,  Major  J.  W.  Powell,  in  his  report  upon  the  lands  The  classi- 
of  the  arid  region,  strongly  advocated  the  classification  of  the  public 
the  Public  Lands  into  agricultural,   pasture,   timber,   and  lands. 
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mineral,  and  their  separate  treatment.  When  the  geological 
survey  was  created  in  1879,  this  was  one  of  the  duties  as- 
signed to  it  by  law;  but  the  appropriation  given  to  the  organi- 
zation was  such  that  it  was  entirely  impossible  to  accomplish 
this  work.  Therefore  many  years  later,  in  1907,  when 
commissioner  of  the  land  office,  Ballinger  repeate^l  Powell's 
recommendations.  To  the  present  time,  the  classification  of 
the  public  land  into  agricultural,  pasture,  timber,  coal,  and 
other  mineral  land  is  incomplete.  It  is  during  the  thirty 
years  that  have  elapsed  since  Powell's  recommendations 
were  made  that  the  great  frauds  have  been  committed  and 
very  valuable  consolidated  holdings  acquired.  The  first 
report  of  the  National  Conservation  Commission  again 
strongly  recommended  to  the  people  and  to  Congress  that 
the  remaining  lands  in  the  public  domain  be  classified  so  that 
they  may  be  disposed  of  intelligently. 

Laws  for  treating  in  a  separate  class  the  mineral  lands 
and  coal  lands  so  far  as  they  were  recognized  as  such  were 
early  passed  (see  pp.  35-36,  98-100).  But  the  first  act  which 
recognized  that  the  same  land  might  be  disposed  of  for 
different  purposes  became  a  law  in  March,  1909.  This  act 
specifies  that  land  taken  up  for  agricultural  purposes,  which 
afterwards  is  found  to  contain  coal,  must  be  classified  as 
coal  land  and  the  coal  disposed  of  under  the  coal  laws.  The 
original  entryman  may  gain  patent  for  surface  rights  or 
relinquish  the  ground.  Before  that  act  was  passed  it  is  esti- 
mated that  at  least  100,000,000  acres  of  the  public  domain 
containing  coal  had  passed  to  individuals  and  corporations 
as  agricultural. 

The  administration  of  President  Taft  has  recommended 
the  completion  of  the  classification  of  the  public  lands,  and 
the  geological  survey  is  carrying  on  the  work  as  rapidly  as 
practicable.  As  has  been  seen,  pending  such  clas-sification, 
the  administrations  of  President  Roosevelt  and  President 
Taft  have  withdrawn  from  private  entry  vast  areas  of  the" 
public  domain.  There  is  now,  May,  1910,  pending  before 
the  Senate  a  bill,  passed  by  the  House,  and  recommended 
by  the  Senate  committee  on  public  lands,  of  which  Senator 
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Knute  Nelson,  of  Minnesota,  is  chaimian,  stating  that  "  The 
President  may  at  any  time  in  his  discretion  temporarily 
withdraw  from  settlement,  location,  sale,  or  entry  any  of 
the  public  lands  of  the  United  States  and  reserve  the  same 
for  water-power  sites,  irrigation,  classification  of  lands, 
or  other  public  purposes,  to  be  specified  in  the  orders 
of  withdrawals,  and  such  withdrawals  and  reservations  shall 
remain  in  force  until  revoked  by  him  or  by  an  Act  of  Con- 
gress. Provided,  That  all  lands  withdrawn!  under  the  pro- 
visions of  this  Act  shall  at  all  times  be  open  to  exploration, 
discovery,  occupation,  and  purchase,  under  the  mining  laws 
of  the  United  States,  so  far  as  same  apply  to  minerals  other 
than  coal,  oil,  gas,  and  phosphates.  The  Secretary  of  the 
Interior  shall  report  all  such  withdrawals  to  Congress  at 
the  beginning  of  its  next  regular  session  after  the  date  of  the 
withdrawals."  The  committee  on  lands,  in  a  report  sub- 
mitted to  the  Senate,  holds  that  the  President  already 
has  "  the  inherent  power  to  reserve  for  public  purposes 
lands  of  the  United  States  from  location,  sale  or  entry." 
This  power,  the  committee  says,  ''rests  upon  various  statutes, 
upon  numerous  decisions  of  the  courts,  and  upon  a  long- 
established,  long-recognized  usage."  This  being  the  case, 
the  passage  of  the  bill  in  the  above  form  is  not  advisable, 
since  it  limits  the  power  of  the  President  by  making  all 
withdrawals  temporary,  by  omitting  forests,  and  by  giving 
minerals  a  prior  position  over  all  resources.  It  might  well 
be  that  a  tract  of  land  containing  mineral  is  far  more  valu- 
able for  water  power  than  for  mineral.  A  bill  originally 
reported  favorably  by  the  Senate  committee  did  not  have 
these  limitations.  Either  no  bill  should  be  passed  or  else 
one  which  gives  the  President  at  least  as  large  powers  as  he 
now  has  with  reference  to  withdrawals  of  land. 

THE   FARM   LANDS 

.    The  farm  lands  of  the  country,  according  to  the  census  Value  of 
of  1900,  comprised  838,591,774  acres,  —  5,737,372  farms.     Of  *^^  ^*™^- 
•this  land,  414,419,487  acres,  or  about  50  per  cent,  were  under 
cultivation  at  the  time.      This  was  21.6  per  cent,  or  about 
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one  fifth  of  the  area  of 'the  country.  The  value  of  the  farms 
was  estimated  by  the  *census  of  1900  at  $16,614,647,491, 
and  by  the  Department  of  Agriculture  at  $18,279,503,887. 
A  reestimate  by  the  Department  of  Agriculture  of  these 
values,  five  years  later,  in  1905,  gave  an  increase  of  33.5  per 
cent,  or  upon  the  basis  of  the  census  figure,  $22,745,420,567, 
and  upon  the  basis  of  the  agriculture  figure,  $24,410,276,963.* 
The  increase  in  farm  values  has  continued  since  1905,  and  it 
is  safe  to  say  that  the  value  of  the  farm  land  of  the  coun- 
try at  the  present  time  is  between  $25,000,000,000  and 
$30,000,000,000. 

In  1900,  10,381,765  people,  or  35.7  per  cent  of  the  wage- 
earners  of  the  country,  were  engaged  in  agriculture.  This 
of  course  is  the  largest  number  engaged  in  any  one  vocation. 
It  is  a  decrease  as  compared  with  1880,  when  the  percentage 
was  48.3.  With  the  rise  of  the  cities  and  the  increase  of 
manufacturing  industries,  the  percentage  of  people  living  on 
the  farms  is  decreasing. 

In  the  United  States  four  fifths  of  the  com  crop,  three 
fifths  of  the  cotton  crop,  and  one  fifth  of  the  wheat  crop  of  the 
world  are  grown.  In  1909  were  planted  about  108,771,000 
acres  of  corn,  with  an  average  yield  of  25.5  bushels  to  the 
acre,  and  a  product  of  2,772,376,000  bushels;  46,723,000 
acres  of  wheat,  with  an  average  yield  of  15.8  bushels,  and  a 
product  of  730,046,000  bushels;  and  30,820,000  acres  of  cot- 
ton, with  a  yield  of  156.6  pounds  per  acre,  and  a  product  of 
4,826,344,000  pounds. 


THE   YIELD   OF   THE   FARMS 


y 


The  yield  for  various  crops  is  shown  by  a  table  from  the 
bureau  of  statistics  of  the  Department  of  Agriculture. 

This  table  shows  a  slight  change  in  yield  during  the  past 
forty  years  in  some  crops.  For  instance,  the  com  yield  of 
1867-1876,  as  compared  with  1897-1906,  shows  a  decrease 
from  26.2  to  25.4  bushels  per  acre;  on  the  other  hand,  wheat 
increased  from  12  bushels  to  13.8  bushels  per  acre;   and  for 

»  "Changes  in  Farm  Values,  1900-1905,"  by  George  K.  Holmee,  Bulletiii 
No.  43,  Bureau  of  Statistics,  U.  S.  Depvartment  of  Agricultiire. 
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the  other  crops  there  are  similar  slight  decreases  and  in- 
creases. Upon  the  whole,  however,  taking  the  past  forty 
years  there  has  been  neither  marked  increase  or  decrease  in 
the  average  productivity  of  the  land. 

Table   showing  Yield   of   Principal  Crops  per  Acre 

.    DURING  THE  FORTY  YeARS    1867-1906,  AND  DURING  TeN- 

Year  Periods^ 


Crop 

1867-1906 

1867-1876 

1877-1886 

1887-1896 

1897-1906 

Com,  bushels     .     . 

25.2 

26.2 

25.1 

24 

25.4 

Wheat,  bushels 

12.7 

12 

12.5 

12.7 

13.8 

Oats,  bushels     .     . 

27.7 

27.5 

27.8 

25.5 

30.1 

Barley,  bushels 

23.4 

22.8 

22.4 

22.7 

25.5 

Rye,  bushels      ,     . 

13.8 

13.6 

13.8 

12.9 

15.7 

Hay,  tons      .     .     . 

1.28 

1.22 

1.24 

1.20 

1.43 

Buckwheat,  bushels 

16.4 

17.6 

14.5 

15.3 

18.1 

Potatoes,  bushels   . 

83.3 

90 

82 

75 

86 

Cotton,  pounds 

179 

181 

170 

172 

191 

The  fact  that  there  has  been  no  decrease  in  the  average  Decreased 
yield  has  been  held  by  some  to  mean  that  the  fertility  of  the  {^^^^^^^  °' 
soil  has  not  been  depleted;  but  a  closer  investigation  of  the  land, 
situation  by  Spillman,  taking  the  country  Tiy  regions  and  by 
districts,  and  considering  what  has  actually  happened,  has 
led  him  to  the  conclusion  that  the  fertility  of  the  soil  for 
50  per  cent  of  our  country  has  been  lessened.^ 

Along  the  same  line  are  statements  by  Hill.  He  says:^ 
"There  are  ten  states  in  the  Union  in  which  the  wheat 
crop  was  less  in  1908  than  it  was  in  1888.  Twenty  years 
have  cut  this  staple  food  product  in  many  cases  more  than 
one  half.  They  are  not  all  the  oldest  and  poorest  soils 
originally.  Both  the  total  crop  of  this  country  and  its 
yield  per  acre  have  been  maintained  by  resort  to  new  soils 
not  yet  robbed  of  their  fertility." 

i"Crop  Yield  per  Acre,"  by  V.  H.  Olmsted,  Report  National  Con- 
servation Commission,  Vol.  Ill,  pp.  3-8. 

2  "Agricultural  Production,"  by  W.  J.  Spillman,  Report  National  Con- 
servation Commission,  Vol.  Ill,  pp.  257-262. 

3  Address  delivered  by  James  J.  Hill  at  the  National  Corn  Exposition, 
Omaha,  Neb.,  Dec.  9,  1909. 
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These  general  conclusions  are  confirmed  by  other  consid- 
erations. 

(1)  During  the  forty  years  which  the  figures,  given  in 
the  above  table,  cover  there  has  been  very  great  improve- 
ments in  the  farm  crops;  old  varieties  of  seed  grains  have 
been  improved;  new  varieties  have  been  introduced.  If 
there  were  space  so  that  the  history  of  the  improvement  of 
each  grain  could  be  given  in  detail,  it  would  be  found  that 
there  is  scarcely  one  in  which  there  has  not  been  great  ad- 
vancement; in  most  cases  where  the  best  seeds  are  used, 
yields  are  from  one  third  to  double  the  average. 

(2)  There  have  been  simply  enormous  advances  in  agricul- 
tural practice  during  the  past  forty  years,  improvements  in 
cultivation,  in  rotation  of  crops,  etc. 

(3)  It  is  during  the  past  forty  years  that  the  great  areas 
of  highly  fertile  virgin  lands  of  the  West  have  been  opened 
up,  of  which  as  yet  there  has  not  been  time  for  great  dete- 
rioration. Also  included  in  the  averages  are  the  irrigated 
lands  with  very  exceptional  yields.  This  is  very  well  illus- 
trated by  the  state  of  Montana,  a  new  state,  and  one  in 
which  irrigation  is  practiced,  the  average  yield  of  wheat  for 
a  period  of  ten  years  in  this  state,  according  to  James  J. 
Hill,'  being  26.3  bushels. 

Considering  these  facts  we  should  have  expected  that  the 
average  yield  by  decades  during  the  past  forty  years  would 
have  been  a  greatly  increasing  one,  whereas  it  has  been 
practically  stationary.  What  is  the  explanation  of  this  fact? 
The  only  adequate  one  is  that  there  has  been  depletion  of 
the  soil  for  large  areas.  ^ 

1  Address  delivered  by  James  J.  Hill  at  the  National  Com   Exposition, 

Omaha,  Neb.,  Dec.  9,  1909,  p.  9. 

'  I  am  aware  that  these  conclusions  are  at  variance  with  those  expressed 
by  Mr.  Milton  Whitney  of  the  Bureau  of  Soils,  but  they  are  in  accordance  with 
the  judgment  of  most  of  the  soil  experts  of  the  country.  Mr.  Whitney,  in 
Bulletins  55  and  57  of  the  Department  of  Agrictilture,  argues  that  there  has 
not  been  and  is  not  likely  to  be,  any  marked  deterioration  of  the  soil.  But 
in  advocating  this  he  wholly  ignores  the  influence  of  the  factors  above  men- 
tioned, and  the  actual  results  which  have  been  obtained  when  any  field  has 
been  handled  experimentally  for  a  number  of  years  under  the  conditions 
which  have  been  extensively  practiced  in  America;  that  is,  single  cropptng, 
selling  the  crop  off  the  soil,  and  careless  cultivation.  Where  such  prmotioet 
obtain  there  has  been  but  one  result,  reduction  in  yield. 
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FiQ.  20. — Acreage  of  Improved  Land  in  1900.    After  Woodruff. 
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In  this  connection  Hill  shows  very  strikingly  that  for 
any  given  crop  there  is  a  certain  yield  which  just  pays  for 
its  raising;  if  the  yield  falls  below  this  amount,  there  is  a 
loss;  if  it  rises  above  this  amount,  there  is  a  gain,  which  rises 
very  rapidly  with  increase  in  yield.  For  wheat  this  is  shown 
by  the  following  table  :^  — 

Table  Showing  Profits  and  Losses  in  Relation  to 
Yield  op  Wheat 


Yield  in 

Pbicb 

Mabkkt  Value 

Cost  of  Production. 

Net  Paoirr  ob 

Bushels 

Pkb  Acbe 

iNcLuDtNo  Ktan 

LoM.  rmm  Acre 

20    .    . 

$0,638 

$12.76 

$7.89 

+  $4.87 

16    .    . 

.638 

10.21 

7.88 

+    2.32 

12    .    . 

.638 

7.66 

7.89 

-      .23 

10    .    . 

.638 

6.38 

7.89 

-    1.51 

8    .    . 

.638 

5.10 

7.89 

-    2.79 

This  table  shows  that  when  the  market  price  is  63.8  cents, 
twelve  bushels  of  wheat  per  acre  must  be  raised  in  order  to 
come  out  even;  also  that  the  profits  with  a  twenty-bushel 
yield  are  twice  as  much  as  with  a  sixteen-bushel  yield.  Of 
course  with  a  different  market  price  for  wheat,  and  with  a 
different  cost  for  raising,  the  number  of  bushels  per  acre 
which  represents  neither  loss  nor  profit  would  vary,  but  the 
principle  remains  the  same. 

As  showing  the  minimum  possibilities  as  to  the  yield  of 
the  soil,  we  may  compare  the  average  yields  of  this  country 
with  those  of  Europe.' 

Table  Comparinq  Crop  Yield  in  United  States  and 
Other  Countries 


COUNTBT 


United  States 
Germany  .  .  . 
Austria  .  .  . 
Hungary  .  .  . 
France  .  .  . 
United  Kingdom 


Wheat 

Oats 

Barlkt 

13.8 

30.1 

25.5 

28.0 

47.4 

33.5 

17.8 

27.2 

22.9 

17.6 

30.4 

22.7 

19.8 

27.3 

22.4 

32.2 

44.6 

34.3 

Rte 


15.7 
24.2 
17.6 
17.3 
16.7 
26.2 


*  "The  Natural  Wealth  of  the  Land  and  its  Conaervatioii,"  by  JamM  J. 
Hill.     Conference  of  Governors,  Washington,  1909,  p.  71. 
«  Lands,  N.  C.  C.,  Vol.  I,  p.  77. 
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This  table  shows  that  in  the  United  Kingdom  and  Ger- 
many the  average  yield  is  much  greater  than  in  the  United 
States;  indeed,  for  the  United  Kingdom  the  yield  of  oats, 
barley,  and  rye  is  50  per  cent  or  more  in  excess  of  that  of 
the  United  States.  The  lands  of  these  European  countries 
have  been  cropped  not  simply  for  twenty-five,  fifty,  or  one 
hundred  years,  but  for  centuries. 

THE   CONDITION   OF   THE   LAND 

We  now  pass  to  the  present  condition  of  the  land  of  the  Original 
United  States.  As  we  have  already  seen,  the  land  of  this  th?^^°^ 
country  was  originally  an  area  unsurpassed  in  fertility  any- 
where in  the  world.  Although  it  has  been  only  about  three 
hundred  years  since  settlement  first  began,  and  less  than  fifty 
years  since  more  than  half  the  farms  were  virgin  fields,  already 
there  has  been  great^eterioration  of  the  soil  in  many  localities. 

The  southeastern  region,  including  the  Atlantic  and  Gulf  The  old 
plains,  is  the  one  in  which  the  deterioration  has  been  greatest.  5^^^^^°^  *^® 
In  large  measure  this  came  about  as  a  result  of  the  abandon- 
ment of  fields  during  the  Civil  War,  with  the  resulting  erosion; 
also  it  has  come  from  a  single  or  chief  money  crop;  for  in- 
stance, cotton  or  tobacco. 

The~northeastern  region,  like  the  southeastern,  has  been  The 
cropped  for  many  years.  Many  of  the  uplands  once  culti-  f^^°°®^ 
vated  have  been  abandoned.  All  have  read  of  the  aban- 
doned farms  of  the  uplands  of  Massachusetts,  Connect- 
icut, Vermont,  and  New  Hampshire.  Their  abandonment 
has  resulted  in  part  from  the  deterioration  of  the  soil,  but  an 
important  factor  has  been  the  competition  of  the  western, 
more  fertile,  lands,  in  connection  with  the  improvement  of 
transportation. 

The  east  central  area,  including  western  New  York,  Ohio, 
Indiana,  and  eastern  Kentucky  and  Tennessee,  was  the  area 
into  which  the  immigration  went  after  it  burst  over  the 
mountains  of  the  East.  The  lands  for  the  most  part  have 
been  occupied  less  than  one  hundred  years.  Notwithstand- 
ing this  fact  any  one  who  has  ridden  over  this  region  exten- 
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sively  must  realize  that  the  larger  part  of  the  lands  has  been 
depleted  in  their  richness  and  that  there  are  extensive  areas 
in  which  the  productivity  has  been  much  diminished.  The 
situation  may  be  illustrated  by  Kentucky  and  western  New 
York. 

Says  Shaler,  "In  the  state  of  Kentucky,  which  has  been 
occupied  by  our  people  for  less  than  a  hundred  and  fifty 
years,  and  has  not  been,  to  any  considerable  extent,  tilled  for 
more  than  a  century,  something  like  a  tenth  of  its  tillable 
area  has  passed  through  this  process  of  soil  destruction,  and 
at  least  a  thirtieth  part  of  it  cannot  be  brought  back  to  its 
original  fertility  in  any  foreseeable  time.  It  must  return  to 
the  forested  state  and,  in  that  condition,  through  the  ages, 
slowly  gather  again  its  mantle  of  soil."  * 

Hill  says:  "Good  farms  in  the  Mohawk  Valley  in  New 
York  State  forty  years  ago  were  worth  from  $100  to  $150 
per  acre;  now  many  are  sold  at  from  $25  to  $30."  * 

While  this  difference  may  not  altogether  be  explained  by 
the  deterioration  of  the  soil,  this  is  the  chief  cause;  and  one 
who  is  familiar  with  this  area  cannot  but  realize  that,  as 
contrasted  with  the  rich  fields  of  the  Middle  West,  the  land 
is  very  meager  in  its  yield. 

The  eastern  part  of  the  prairie  plains  has  not  been  occu- 
pied more  than  one  hundred  years,  and  for  the  most  part 
the  prairie  plains  have  been  settled  during  the  last  fifty  years. 
As  already  indicated,  the  region  is  one  of  high  fertility.  But 
even  in  this  region,  so  recently  occupied,  we  find  where  there 
has  been  single  cropping  and  where  unsatisfactory  farming 
methods  have  been  practiced,  there  has  been  depletion  of  the 
soil.  In  Wisconsin,  in  Indiana,  in  Illinois,  as  one  travels  over 
the  country  and  talks  with  any  of  the  people,  he  learns  about 
worn-out  farms.  This  is  of  course  less  frequent  in  the  western 
half  of  the  prairie  plains,  in  Iowa,  Nebraska,  and  Kansas. 

As  yet  all  but  a  small  percentage  of  the  lands  of  the  great 
plains  and  the  Rocky  Mountain  regions  have  been  but  little 


^  "  Man  and  the  Earth,"  Nathaniel  Southgate  Shaler,  p.  129. 
'  Address  delivered  by  James  J.  Hill  at  the  Thirty-fifth  Annual  Conven- 
tion of  the  Ajuerican  Bankers  Association. 
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*used  for  agriculture,  and  therefore  the  lands  have  not  been 
depleted  in  their  richness.  But  as  has  already  been  shown, 
some  13,000,000  acres  in  this  region  have  been  brought 
under  irrigation;  and  where  this  has  been  practiced  for 
some  time  there  has  been  in  many  cases  injury  to  the 
land.  For  the  most  part  these  injuries  are  due  to  the  Irrigation 
action  of  the  water  used.     Many  of  these  western  lands  fJ^d^Alkali 

lands. 

contam  a  large  amount  of  alkalies,  sodium  carbonate,  sul- 
phate, and  chloride;  and  not  infrequently  these  materials  are 
especially  abundant  in  the  subsoil.  WHien  lands  of  this 
-  kind  are  placed  under  irrigation,  water  bearing  the  salts  men- 
tioned in  solution  are  brought  upward  by  capillarity;  and  its 
evaporation  results  in  the  accumulation  of  alkalies  at  the 
surface.  When  these  have  reached  a  certain  amount  the 
crops  will  no  longer  thrive.  Already  in  every  state  in  the 
West  where  irrigation  has  been  practiced,  whether  it  be 
Colorado,  Utah,  or  Washington,  considerable  tracts  have  been 
destroyed  by  the  increase  of  the  alkalies  through  this  pro- 
cess. Also,  through  irrigation,  many  comparatively  low-lying 
areas  have  become  water-logged  by  seepage  so  that  they 
have  been  transformed  to  a  condition  of  swamps.  The  remedy 
for  the  accumulation  of  alkalies  at  the  surface  and  that  of 
the  swamps  is  the  same,  —  underdrainage  to  carry  away 
the  excess  of  water.  Locally  also  where  lands  have  been 
under  irrigation  for  twenty-five  years  or  more  there  has 
been  serious  depletion  of  phosphorus.  This  is  illustrated  by 
the  Greely  district  of  Colorado,  which  has  need  of  phosphate 
fertilizers  (see  pp.  321-327). 

In  the  Pacific  region,  in  the  irrigated  districts  of  the  San  The  Great 
Joaquin  Valley  of  California,  accumulations  of  alkalies  and  ^^^g 
the  water-logging  of  the  soil  have  taken  place  somewhat 
extensively;    also  in  southern  California  there  has  been  de- 
pletion  in   phosphorus.     Locally,  outside   of   the   irrigated 
areas  of  this  region,  there  has  been  serious  loss  of  fertihty, 
and  especially  in  the  Willamette  Valley  and  the  upper  part 
of  the  great  valley  of  CaUfomia,  where  the  yield  of  wheat 
for  many  farms  is  now  smaller  than  in  the  earlier  years. 
An  interesting  commentary  on  the  foregoing  is  a  statement 
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by  Jevons,  who,  discussing  the  course  of  events  forty-five 
years  ago,  with  reference  to  the  settlement  of  the  United 
States,  said  :  **  It  is  well  known  that  in  spreading  over  a  new 
country,  settlers  are  naturally  apt  to  exhaust  the  virgin  soil 
they  get  so  cheap,  regardless  of  manners  and  agricultural 
arts  by  which  its  fertility  might  be  maintained."  .  .  . 
Exhaustive  agriculture  and  migration  are  the  necessary  re- 
sults, in  any  country  or  social  system,  of  a  boundless 
supply  of  rich  lands."  *  The  principles  enunciated  in  the 
above  statements  have  been  illustrated  to  a  remarkable 
degree  by  the  settlement  of  the  United  States. 
How  long  The  amazing  situation  described  has  come  about  in  a  coun- 

lands  he  ^^^  ^^  which  settlement  began  only  300  years  ago.  By  far 
needed?  the  greater  area  has  been  settled  within  100  years,  and  more 
than  half  of  the  land  has  been  used  less  than  50  years.  What 
is  to  be  our  measure  of  time  with  reference  to  the  future? 
Are  we  to  think  of  these  lands  as  being  available  to  man 
only  50  years,  or  100  years?  or  should  we  consider  1000 
years,  or  10,000  years,  or  100,000  yoArs,  or  1,000,000  years,  or 
10,000,000  years?  From  a  geological  point  of  view  there  is 
no  reason  whatever  why  people  may  not  live  in  this  country 
and  occupy  this  land  for  the  longer  of  these  periods.  Their 
mention  makes  you  smile;  10,000  or  10,000,000  years  are 
practically  synonymous  with  us.  Either  is  farther  ahead 
than  we  can  look.  Whether  we  think  of  the  future  of  man 
as  10,000  or  10,000,000  years,  it  is  clear  that  our  duty  to 
pbsteritj^  demands  that  the  process  of  depletion  of  the  land 
be  no  longer  continued :  that  from  now  on  the  lands  be  not 
permitted  to  become  less  fertile;  not  only  so,  but  that  those 
lands  wkich  have  become  depleted,  if  possible  be  restored 
in  some  measure,  if  not  completely,  to  their  original  fertility. 
This  problem  is  the  most  fundamental,  far-reaching,  most 
important  of  the  problems  of  conservation  which  confront 
this  nation. 

The  causes  of  deterioration  of  the  soil  may  be  classified 
under  mechanical  erosion  and  loss  of  essential  elements.^ 

»  "  The  Coal  QuesUon,",  by  W.  S.  Jevona,  p.  424. 


THE  LAND  307 

MECHANICAL   EROSION  * 

By  mechanical  erosion  is  meant  the  carrying  away  of  the 
soil.  This  for  the  most  part  is  done  by  running  water, 
but  locally  may  be  done  by  the  wind  and  in  some  locali- 
ties by  water  and  wind  together.  The  material  carried 
away  is  transported  to  the  streams  and  thence  toward  or  to 
the  sea. 

According  to  Dole  and  Stabler,^  at  the  present  time  the  Rate  of 
average  rate  of  denudation  in  the  United  States,  based  upon  ®'°^*°°* 
estimates  as  to  the  amount  of  sediment  the  streams  carry 
to  the  sea,  varies  from  one  inch  in  440  years  to  one  inch  in 
3900  years,  with  an  average  of  one  inch  in  760  years.  This 
rate  of  erosion  may  seem  extremely  small;  but  the  amount 
of  material  involved  in  it  is  enormous.  Its  total  each  year 
is  783,000,000  tons,  or  610,000,000  cubic  yards  of  surface 
soil;  and  this  estimate  is  not  more  than  half  of  the  estimates 
of  others.  Before  land  is  cleared,  there  is  a  close  balance 
between  the  agencies  of  manufacture  of  the  soil  and  its 
removal  by  erosion,  since  originally  the  soil  of  the  country 
varied  from  a  few  inches  to  a  few  feet  in  thickness.  Had 
the  rate  of  manufacture  upon  the  average  been  much  faster 
than  the  processes  of  erosion,  the  soil  would  have  been  thicker. 

We  may  safely  conclude  that  where  the  soil  is  cultivated.  Rate  of 

the  processes  of  its  manufacture  are  slower  than  the  rate  of  manufac- 

...         ture  of  soil, 
denudation,  for  at  best  the  removal  of  the  original  protective 

covering  of  the  soil  and  the  practice  of  agriculture  accelerate 

erosion.      This  follows   from   the  fact  that  in  agricultural 

operations  the  soil  is  usually  left   without    any  protective 

covering  for  a  greater  or  less  portion  of  the  year;   not  only 

so,  but  many  crops,  especially  the  cultivated  crops  during 

the  growing  season,  leave  a  large  part  of  the  soil  bare  and 

exposed  to  erosion.     Often  when  a  shower  comes  the  rain 

falls  upon  the  dry  soil.     This  surface  film,  quickly  wetted, 

^  In  compiling  the  section  on  erosion  I  have  received  great  assistance  from 
a  paper  upon  "  Soil  Erosion,"  by  W  J  McGee,  a  copy  of  which  by  his  courtesy 
was  sent  me  in  advance  of  its  publication. 

2  "Denudation,"  by  R.  B.  Dole  and  H.  Stabler,  Report  National  Con- 
8ervation  Commission,  Vol,  11,  pp.  126-140, 
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begins  to  creep  down  the  slope.  The  rain  gathers  into 
rills,  the  rills  into  rivulets.  Where  a  stream  fonns,  a  gully 
is  produced.  In  a  very  short  time,  after  the  beginning  of 
an  abundant  shower,  a  field  may  have  a  network  of  small 
runways  converging  into  a  larger  gully.  If  these  gullies  are 
not  broken  up  before  the  next  storm  comes,  they  will  be 
taken  advantage  of  and  the  waste  will  be  accelerated.  Once 
a  system  of  gullies  form,  that  very  fact  tends  to  extend  it 
rapidly.  The  main  gully  and  its  branches  cut  back  and 
back,  and  rapidly  widen  its  area. 

At  best  is  is  very  difficult  on  land  under  agriculture  \^ith 
any  considerable  slope  to  prevent  excessive  wash,  and  this 
is  almost  impossible  when  a  great  storm  comes.  The  most 
severe  storm  of  the  year  may  result  in  greater  wash  than  all 
other  storms  of  the  year;  the  greatest  storm  of  a  decade 
may  produce  greater  wash  than  all  other  storms  of  that 
decade;  and  Gilbert  goes  so  far  as  to  suggest  that  the 
greatest  storm  of  the  century  may  be  more  destructive  than 
all  the  storms  of  that  century. 


FACTOBS  WHICH  CONTROL   EROSION 


Slope  and 
erosion. 


Destruction 
on  steep 
slopes. 


What  are  the  factors  which  control  erosion?  First,  the 
rate  of  erosion  depends  upon  the  steepness  of  the  slopes. 
As  the  slope  increases  the  energy  of  running  water  is  en- 
hanced in  a  geometrical  ratio.  Consequently,  with  increase 
of  slope  the  power  of  the  running  water  to  carry  away  the 
soil  goes  up  very  rapidly.  McGee  says  doubling  the  slope 
may  octuple  the  erosion. 

On  very  moderate  slopes  the  amount  of  soil  which  may 
be  carried  away  in  a  few  years  is  very  large. 

The  greatest  losses  by  erosion  have  been  on  those  slopes 
which  are  so  steep  that  they  should  not  have  had  their  pro- 
tective forest  covering  removed.  In  some  cases,  and  this  is 
especially  true  of  extensive  areas  in  the  southern  Appala- 
chians, lands  have  been  cleared  of  their  forests  and  devoted 
to  agricultural  purposes,  so  steep  that  the  erosive  forces 
have  carried  away  the  soil  in  a  half  dozen  years  and  the 
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fields  have  been  abandoned.  In  other  cases  the  fields  have 
had  a  life  of  ten  or  fifteen  years.  It  is  safe  to  conclude  that 
where  the  slopes  are  so  steep  as  to  lead  to  the  destruction  of 
the  soil  in  so  brief  a  time,  or  even  in  a  period  of  25  or  50 
years,  such  slopes  should  be  retained  permanently  with  a 
forest  covering;  or  if  the  forest  be  removed  the  special  pro- 
tective measures  later  to  be  mentioned  should  be  taken. 

The  second  of  the  factors  involved  in  erosion  is  the  poros-  Erosion 
ity  of  the  soil  and  subsoil.  If  below  the  soil  there  is  wholly  ^^^  porous 
impervious  material  such  as  rock,  the  amount  of  water 
which  may  be  absorbed  is  small  and  there  is  likely  to  be 
destructive  erosion.  These  are  the  conditions  in  the  southern 
Appalachians.  If,  however,  there  is  below  the  soil  porous 
sand  and  gravel,  the  amount  of  water  which  may  be  absorbed 
is  very  much  increased;  and,  therefore,  the  water  is  less  likely 
to  gather  into  destructive  streams,  and  dangerously  erode 
the  fields. 

Where  there  are  slight  slopes  and  porous  subsoil  the  con- 
ditions are  favorable  to  drainage  with  very  moderate  erosion. 
As  illustrating  these  conditions  may  be  mentioned  the  glaci- 
ated regions  of  the  Upper  Mississippi  Valley,  including  the 
states  of  Ohio,  Indiana,  Illinois,  Iowa,  Wisconsin,  and  Min- 
nesota. 

The  third  factor  which  has  relation  to  erosion  is  care.  Erosion 
If  the  fields  are  once  made  bare,  their  covering  of  grass  or  by^neglect. 
forests  being  removed,  they  require  constant  care.  If  they 
are  neglected  or  abandoned,  erosion  will  be  greatly  pro- 
moted. This  is  illustrated  in  many  of  the  farms  on  the 
Piedmont  Plateau  and  on  the  Gulf  plains.  If  neglect  be 
combined  with  steep  slopes  and  an  impervious  subsoil,  the 
effect  will  be  destructive. 

Fourth,  the  system  of  rectangular  plowing  which  is  prac-  Erosion 
ticed  throughout  a  large  part  of  the  country  is  favorable  to  ^^°™°^^ 
erosion.     Where  rectangular  plowing  is  practiced  the  fur-  tangular 
rows  frequently  run  down  slopes;  this  gives  a  series  of  ditches  plowing. 
in  which  the  water  gathers  and  with  its  increased  volume 
and  speed  greatly  increases  the  amount  of  erosion.     In  the 
North,  because  favored  by  gentle  slopes  and  by  porous  sub- 


310    CONSERVATION  OF  NATURAL  RESOURCES 


Erosion 
more  rapid 
than 
neceesary. 


Extent  of 
destruction 
of  the  land. 


soil,    rectangular   plowing   is   almost   universally   practiced. 
There  is  no  question  that  this  has  accelerated  erosion.  > 

What  are  the  results  of  erosion  in  this  country  thus  far?/ 
Since  denudation  under  agriculture  is  more  rapid  than  the/ 
manufacture  of  the  soil  upon  the  average,  an  upper  layer  of\ 
soil  has  already  been  removed  from  the  greater  portion  of  ^ 
the  lands  which  have  been  cropped  for  some  years.     Not 
only  so,  but  in  consequence  of  bad  farming  erosion  has  been 
extremely  unequally  distributed.    Much  more  rapid  erosion 
has  been  allowed  than  is  necessary. 

Partly  because  of  lack  of  knowledge  of  proper  practice, 
and  partly  because  of  n^ect,  systems  of  gullies  have  formed 
already  over  extensive  areas  in  the  United  States.  This  is 
illustrated  by  the  Piedmont  and  Gulf  states,  especially  on 
the  farms  which  were  abandoned  as  a  result  of  the  Civil 
War.  To  a  less  extent  the  same  phenomena  may  be  seen 
on  the  abandoned  farms  of  Massachusetts  and  Connecticut. 

Woodruff  estimates  that  nearly  4,000,000  acres  have  been 
so  deeply  eroded  as  to  be  totally  destroyed,  a  sufficient 
amount  to  make  100,000  forty-acre  farms.  This  is  something 
like  .6  of  1  per  cent  of  the  entire  land  of  the  country  under 
agriculture.  A  much  larger  area  than  this  has  been  injured 
in  different  degrees,  var>'ing  from  little  damage  to  nearly 
complete  destruction;  and  this  is  an  even  more  important 
factor  with  reference  to  the  future  than  the  actual  destnio- 
tion  of  4,000,000  acres.  If  we  continue  destroying  our  lands 
by  erosion  at  the  rate  we  have  in  the  past,  it  is  easy  to  cal- 
culate that  a  few  thousands  of  years  hence  the  soil  will  be 
in  a  condition  which  will  ill  support  a  numerous  people. 


REMEDIES  FOR   EROSION 


Erosion 
and  water 
control. 


As  pointed  out  by  Chamberlin  *  the  prevention  of  erosion 
rests  in  the  regulation  of  the  movement  of  water;  by  it  the 
soil  is  carried  away.  If  the  water  can  be  controlled,  the  soil 
will  not  be  lost.     The  problem  is  to  make  each  acre  take  care 

»  "Soil  Wastage."  by  T.  C.  Chamberlin.  Proceedings  of  the  Conference  of 
Governors  in  the  White  House,  p.  79,  Washington,  1909. 


Plate  XIII.  —  Gullied  field  showing  destruction  of  level  lands  by  erosion,  The  steep  soil  is 
underlain  by  decomposed  rock  which  undermines  very  rapidly.  Near  Craig,  North 
Carolina.     Photo  by  Forest  Service. 
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of  its  own  rainfall.  This  can  be  done,  according  to  McGee,  by 
maintaining  "sl  normal  balance  between  slope,  cover,  soil,  and 
water  supply." 

Before  the  protective  covering  is  removed  from  the  land  this  Conditions 
normal  balance  is  maintained.  ChamberUn  says,  for  its  ac-  ^'^^^^f' 
complishment  on  lands  under  agriculture,  *'a  due  portion  of 
the  rainfall  should  go  through  the  soil  to  its  bottom  to  pro- 
mote soil-formation  there;  a  due  portion  of  this  should  go 
on  into  the  underdrainage,  carrying  away  harmful  matter; 
a  due  portion  should  go  again  up  to  the  surface  carrying 
solutions  needed  by  the  plants;  a  due  portion  should 
obviously  go  into  the  plants  to  nourish  them;  while  still 
another  portion  should  run  off  the  surface,  carrying  away 
a  little  of  the  leached  soil  matter." 

It  has  been  pointed  out  already  that  the  storms  of  excep- 
tional severity  are  the  main  cause  of  erosion.  The  chief  prob- 
lem of  reducing  erosion  is  that  of  controlling  the  water  which 
falls  in  the  violent  storms.  The  different  parts  of  the  coun- 
try vary  greatly  in  the  frequency  and  intensity  of  flood-pro- 
ducing storms.  McGee  says  that  for  the  larger  part  of  the 
country  it  is  necessary  to  have  the  soil  conditions  such  as  to 
care  for  only  an  inch  of  water  in  a  few  hours,  but  that  in  areas 
of  highly  unequal  rainfall  this  capacity  must  be  increased  to 
three  or  four  inches. 

(1)  McGee  states  that  open  soils  may  absorb  10  to  40  per  Deep 
cent  of  their  volume  of  water,  with  an  average  probably  of  *^^s®- 
from  20  to  30  per  cent.  The  first  step  therefore  in  getting  the 
soils  to  care  for  the  waters  is  deep  and  frequent  tillage.  By 
tillage,  the  upper  surface  of  the  soil  is  made  rough  and  so  gives 
basins  to  catch  the  water.  Numerous  openings  are  produced 
in  which  the  water  can  sink.  A  field  which  has  been  deeply 
tilled  since  the  last  rainfall  will  be  likely  to  absorb  a  large  por- 
tion of  the  shower.  It  has  already  been  pointed  out  (p.  114) 
that  in  regions  of  deficient  rainfall  such  tillage  is  practiced  not 
primarily  with  reference  to  the  prevention  of  erosion,  but  in 
order  to  get  the  water  into  the  soil  and  so  save  it  to  feed  the 
crops. 

Says    Chamberlin:    "Experimental    studies    have    shown 
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that,  on  the  average,  within  our  domain,  crops  can  use  to  ad- 
vantage all  the  rainfall  during  the  growing  season,  and  that, 
in  most  cases,  crops  are  the  better  for  all  the  stored  supplies 
that  can  be  carried  over  from  the  non-growing  seasons.  This 
greatly  simpUfies  the  general  problem,  for  it  justifies  the  con- 
clusion —  to  which  there  are  many  local  exceptions,  of  course 
—  that  the  highest  crop-values  will  usually  be  secured  when 
the  soil  is  made  to  absorb  as  much  of  the  rainfall  and  snowfall 
as  practicable.  In  securing  this  maximum  absorption  and 
internal  soil-work,  the  run-off,  and  hence  the  surface  wash, 
will  be  reduced  to  a  minimum."  ' 

(2)  By  contour  plowing  is  meant  that  the  farmer  should 
follow  about  a  hill  on  the  level.  Where  the  slope  exceeds  ten 
degrees,  and  frequently  where  it  exceeds  five  degrees,  contour 
plowing  should  be  practiced.  No  definite  angle  can  be  given, 
because  with  an  easily  washed  soil,  contour  plowing  is  nec- 
essary with  a  lower  slope  than  for  soils  not  so  likely  to  wash. 
By  contour  plowing  there  is  produced  a  series  of  parallel  de- 
pressions and  elevations  at  right  angles  to  the  slope,  and  each 
depression  is  a  trough  which  will  catch  and  hold  the  water 
until  it  has  time  to  get  into  the  soil. 

In  general  in  the  North,  rectangular  plowing  is  practiced ; 
yet  in  many  areas  it  is  certain  that  the  slopes  are  sufficient 
80  that  contour  plowing  should  take  its  place.  It  is  sometimes 
thought  that  the  Southern  states  are  more  backward  in  agri- 
cultural practices  than  the  Northern  states;  but  in  this  re- 
spect the  Southern  states  are  in  advance. 

Contour  plowing  on  slopes  is  not  only  necessary  from  the 
point  of  view  of  soil  erosion,  but  it  is  profitable  to  the  farmer. 
Elsewhere  it  is  pointed  out  that  there  is  scarcely  a  season  in 
the  eastern  part  of  the  United  States  in  which  some  growing 
crop  does  not  suffer  because  of  deficiency  of  water.  The  ad- 
ditional amount  of  water  which  goes  underground  through  con- 
tour plowing  is  a  source  of  supply  at  time  of  drought.  Even 
from  the  point  of  view  of  inmiediate  returns  the  extra  trouble 
of  contour  plowing  and  planting  parallel  with  the  contour  is 
more  than  paid  for  by  increased  yield.    This  practice  is  one  in 

^"Soil  Wastage,"  by  T.  C.  Chamberiin,  Conference  of  the  Governor^ 

p.  80. 
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which  duty  to  succeeding  generations  and  gain  to  this  genera- 
tion are  in  accord. 

(3)  On  slopes  which  are  rather  steep  there  may  be  developed  Terraces, 
through  modified  contour  plowing  a  system  of  terraces;  this 

is  very  desirable  where  the  slopes  are  from  ten  to  twenty 
degrees.  The  land  is  divided  into  belts  or  terraces,  each  band 
of  which  sweeps  around  the  hill  on  the  contour.  The  ad- 
vantages of  such  terraces  are  that  they  make  the  strip  at  each 
level  more  nearly  horizontal,  and  reduce  the  wash.  The 
terraces  are  separated  by  broad  or  narrow  bands  of  soil  with 
slopes  as  steep  as  will  naturally  lie.  These  should  be  cov- 
ered with  grass  which  can  be  used  for  forage,  and  should  be 
kept  free  from  weeds  and  brambles.  Contour  plowing  and 
terracing  are  already  extensively  practiced  upon  the  Pied- 
mont Plateau,  where  in  general  the  slopes  are  steep. 

Where  the  slopes  are  so  steep  and  the  terraces  are  so  nu- 
merous as  not  to  be  well  adapted  to  ordinary  farm  crops  they 
may  be  used  for  fruit.  Berries,  grapes,  peaches,  pears,  apples, 
etc.,  grow  on  bushes  and  trees;  therefore  setting  a  fruit  farm 
is  in  a  measure  the  same  as  foresting  an  area.  The  orchard  is 
permanent,  and  the  roots  tend  to  prevent  wash.  In  some 
places  it  may  be  advantageous  to  set  the  trees  on  the  terraces 
and  the  bush  fruit  on  the  steep  slopes  between  the  terraces. 

(4)  Where  the  slopes  exceed  twenty  degrees,  and  in  many  Retention 
areas  where  they  are  less  than  this,  the  land  should  not  be  de-  ^^  forests, 
nuded  of  its  forest.     Indeed,  Shaler  says  that  for  extensive 

areas  of  the  country  where  the  declivity  exceeds  ten  degrees, 
nearly  all  of  the  fields  which  have  been  stripped  of  their 
natural  vegetation  "  are  so  far  worn  away  by  the  rain  that 
they  cannot  be  restored  to  their  pristine  fertility."  ^  Where 
the  land  is  steep,  its  protective  covering  should  be  retained; 
its  product  should  be  wood.  While  this  statement  is  true 
in  general,  in  areas  of  intensive  cultivation,  steep  slopes 
may  be  made  cultivable  by  numerous  narrow  terraces,  held 
in  place  by  retaining  walls.  This  practice  is  illustrated  in 
the  vine  culture  of  the  Rhine  and  in  the  fields  of  China. 
Doubtless  such  practice  will  extend  in  this  country  as  the 
land  becomes  valuable  for  special  crops,  such  as  fruit. 

1  "Man  and  the  Earth,"  Nathaniel  Southgate  Shaler,  p.  129. 
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(5)  In  some  cases  where  the  steep  slopes  are  cultivated 
this  is  done  in  connection  with  annular  foresting,  that  is,  on 
the  slopes  separating  the  cultivated  areas  are  rows  or  bands 
of  trees.  These  bands  of  trees  tend  to  break  up  the  streams 
which  form  on  the  slopes  and  halt  the  moving  soil,  thus  saving 
it  from  transportation  to  the  rivers  below.  This  practice  is 
illustrated  in  the  mountainous  areas  of  Italy,  Austria,  and 
other  countries. 

(6)  Whenever  lands  are  allowed  to  lie  fallow  they  should 
always  have  a  protective  covering.  This  covering  may  be 
mulch  or  a  catch  or  cover  crop,  such  as  clover  or  soybeans. 

(7)  Where  a  system  of  gullies  has  been  allowed  to  form  and 
is  extending  into  the  arable  land,  this  should  be  checked  by 
permanent  planting,  or  if  a  gully  be  only  of  moderate  size  and, 
the  wash  not  great  a  grass  covering  may  be  suflficient;  if 
gully  is  a  large  one  with  very  steep  slopes  shrubbery  is  usu«j 
ally  necessary;  and  in  the  case  of  the  larger  ravines  tree  plant 
ing  becomes  advisable.  Not  infrequently  it  may  be 
vantageous  to  combine  two  or  three  of  these.  In  some  c 
planting  alone  is  not  sufficient;  it  may  be  necessary  to  con- 
struct at  intervals  brush  or  rubble  dams  which  stay  the  mov- 
ing soil  and  finally  break  up  the  ravine  into  a  series  of  terraces. 
In  favorable  regions  it  may  be  practicable  so  to  construct  the 
dams  as  to  constitute  minor  reservoirs  to  hold  the  water.  The 
water  of  such  minor  reservoirs  may  be  used  for  irrigation, 
either  subsurface  or  surface,  at  the  dry  times  between  the 
storms. 

(8)  As  rapidly  as  a  sentiment  can  be  developed  for  their 
enforcement,  laws  should  be  passed  which  will  prevent  neglect 
of  the  land.  The  precautions  necessary  to  prevent  excessive 
erosion  may  be  enforced  by  law,  since  they  vitally  concern  the 
conunon  welfare  not  only  of  this  but  of  all  succeeding  genera- 
tions. 

LOSS   OF  ESSENTIAL  ELEMENTS 


The  second  cause  of  the  deterioration  of  the  soil  is  the  loso 
of  valuable  elements. 

For  what  do  we  secure  products  from  the  soil?    Mainly  to 
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feed  and  clothe  man  either  directly  or  indirectly.    Grain,  veg-  Relations  of 
etables,  fruits,  etc.,  directly  feed  man.    Animals  are  fed  the  ^°^  ^ 
products  of  the  soil  in  order  that  they  may  indirectly  furnish  ™^  * 
man  food,  as  meat,  milk,  butter,  cheese,  etc. ;  also  to  supply 
him  with  covering,  wool  and  leather;  and  to  serve  as  beasts 
of  burden.     We  further  produce  from  the  soil  materials  with 
which  to  cover  man  (cotton),  to  house  him  (wood),  and  to 
serve  other  subordinate  needs.     The  purpose  then  of  the  art 
of  agriculture  is  to  supply  the  needs  of  man. 

But  among  all  the  needs  of  man  that  of  food  is  the  funda- 
mental one.  This  raises  the  question  as  to  the  elements  neces- 
sary to  feed  plants  which  directly  or  indirectly  are  the  sources 
of  sustenance  for  man. 

The  constituents  of  plants  are  few  in  number,  —  hydrogen.  Elements 
oxygen,  carbon,  silicon,  calcium,  nitrogen,  potassium,  phos-  ?j^^^^ 
phorus,  with  minute  quantities  of  less  important  elements, 
such  as  iron,  magnesium,  sodium,  sulphur,  and  chloride.  Of 
the  eight  important  elements  the  first  five  are  practically  il- 
limitable in  amount  so  far  as  plant  and  animal  food  are  con- 
cerned. Hydrogen  and  oxygen  are  the  chief  constituents  of 
water;  the  latter  constitutes  one  fifth  of  the  atmosphere  and 
occurs  combined  with  carbon.  The  supply  of  these  elements 
in  an  available  form  is  inexhaustible.  The  plants  with  the  as- 
sistance of  the  sun  take  their  carbon  from  the  carbon  dioxide 
in  the  atmosphere,  or  that  produced  by  decajdng  vegetation  in 
the  soil.  When  plants  and  animals  decompose  they  return  in 
large  measure  their  carbon  to  the  air  as  carbon  dioxide.  Also 
the  combustion  of  coal  adds  each  year  an  enormous  supply  of 
carbon  dioxide  to  the  air.  Therefore  there  will  be  no  shortage 
of  carbon  for  the  plants.  There  is  an  abundant  supply  of 
calcium  in  most  soils  and  an  illimitable  supply  of  calcium  in 
limestone  which  may  be  drawn  upon  for  those  soils  deficient 
in  this  element.^  Silicon  is  the  most  abundant  of  the  elements. 
It  therefore  turns  out,  that  of  the  materials  we  need  to  feed 
the  plants  to  feed  our  bodies,  the  vital  elements  are  nitro- 
gen, potassium,  and  phosphorus.     It  is  these  three  elements 

1  The  advantage  of  the  addition  of  limestone  or  lime  to  many  soils  is  most 
effectively  discussed  by  Jos.  E.  Wing  in  "  Alfalfa  in  America,"  pp.  107-149. 
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only  to  which  we  need  to  direct  our  attention  from  the  point 
of  view  of  conservation. 


Depletion 

in 

nitrogen. 


Source  of 
nitrogen. 


NITROGEN 

Nitrogen  is  an  essential  element  of  all  the  proteids  and  is 
therefore  required  in  large  quantity  by  man.  By  him  it  is 
derived  from  plants  or  from  animals  that  have  derived  the 
proteids  from  plants.  By  most  plants  the  proteids  are  built 
up  from  the  small  quantities  of  nitrates  in  the  soil. 

Nitrogen  also  exists  in  the  soil  in  the  humus.  The  oxidiza- 
tion of  the  humus  by  the  oxygen  of  the  air  with  the  assistance 
of  bacteria  produces  nitrates,  and  this  resuppUes  the  soil  with 
this  plant  food.  The  soil  is  depleted  in  nitrogen  by  single 
cropping,  wherever  this  is  practiced.  This  is  true  whether 
the  single  crop  be  grain,  or  cotton,  or  tobacco.  Wherever  such 
practices  have  been  followed  the  soils  have  become  depleted 
in  nitrogen.  This  is  aUke  true  of  the  wheat  fields  of  Califor- 
nia and  Minnesota,'  the  cotton  fields  of  Georgia,  and  the  to- 
bacco lands  of  Connecticut  and  Kentucky. 

Also  nitrogen  is  very  frequently  seriously  depleted  in  the 
soil  by  the  running  of  fires.  Already  this  has  been  8|X)kcn  lof 
in  connection  with  the  burning  of  the  forests.  Not  only  is  the 
timber  burned,  but  frequently  the  very  humus  of  the  soil  itself; 
BO  that  after  a  fire  has  run  several  times  over  a  particular  area, 
if  we  wish  to  reclothe  it  with  vegetation,  we  are  obliged  to  re- 
store nitrogen  to  it.  The  ultimate  source  of  nitrogen  for  plapt 
food  is  the  atmosphere.  In  the  atmosphere  is  a  boundless 
supply;  for,  as  you  know,  in  a  free  state  it  comprises  about 
four  fifths  of  that  great  mobile  sea  which  surrounds  the  earth 
and  permeates  the  soil.  But  all  the  agricultural  plants,  with 
the  exception  of  a  single  family,  are  unable  to  feed  upon  the  free 
nitrogen  of  the  soil.     To  be  used  by  such  plants  as  the  grains, 

^On  lands  on  which  grain  haa  been  grown  continuoualy  in  Minnesota 
there  haa  been  heavy  loss  of  nitrogen  and  humus.  It  haa  been  the  greatest 
in  the  case  of  wheat,  but  has  been  nearly  as  much  in  the  case  of  oats  and 
barley,  and  for  corn  haa  been  one-half  as  much  aa  for  wheat.  Where  wheat 
waa  a  continuous  crop  for  eight  years  the  loss  of  nitrogen  was*  1700  pounds 
per  acre,  and  the  loss  of  humua  2000  pounds  per  acre.  (University  of  Min- 
nesota, Agricultural  Experiment  Station,  Bulletin  No.  70.) 
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the  nitrogen  must  be  combined  with  other  elements  as  a  ni- 
trate, and  hence  the  necessity  of  maintaining  these  compomids 
and  the  hmnus  out  of  which  nitrates  are  made  in  the  soil.  Not 
only  are  a  great  majority  of  the  agricultural  plants  unable  to 
use  the  free  nitrogen  of  the  soil,  but  their  growth  depletes  the 
combined  nitrogen  which  there  exists. 

But  there  is  another  class  of  plants  with  which  the  case  is  The 
the  reverse.     The  legmninosse,  which  include  clover,  alfalfa,  ^^^Ji^es 
peas,  beans,  etc.,  have  numerous  nodules  upon  their  roots,  nitrogen, 
which  become  the  hosts  of  bacteria.^     The  latter  abstract  ni- 
trogen from  the  air  and  combine  it  with  other  elements,  and 
the  leguminous  plants  store  the  nitrogen  compoimds  in  their 
fruits,  stalks,  and  roots.     Experiments  show  that  where  legu- 
minous plants  are  grown  and  turned  under  the  soil,  the  gain 
in  nitrogen  is  rapid  and  the  accumulation  of  combined  nitro- 
gen great;  this  gain  is  due  to  the  capacity  of  the  bacteria  and 
leguminous  plants  together  to  use  the  free  nitrogen  of  the  at- 
mosphere. 

The  foregoing  facts  show  the  necessity  of  rotating  crops  of  a  Rotation  of 
kind  which  use  up  nitrogen  with  those  which  have  the  power  of  ^'°p^- 
fixing  the  nitrogen.  As  a  result  of  empirical  knowledge  ro- 
tation of  this  kind  has  been  long  practiced  to  some  extent. 
The  cause  of  this  advantage  is  a  comparatively  recent  dis- 
covery. The  discovery  has  led  to  far  wider  practice  in  the 
rotation  of  nitrogen  combining  plants  with  other  crops.  The 
better  informed  farmers  systematically  rotate  clover  or  alfalfa 
or  peas  with  the  grains.  Also  as  a  result  of  this  discovery, 
where  the  soil  is  deficient  in  nitrogen  abstracting  bacteria  nec- 
essary to  work  with  the  leguminous  plants,  it  is  inoculated  with 
them,  and  thus  the  leguminous  plants  are  enabled  to  do  their 
work  effectively.  Such  inoculation  is  especially  likely  to  be 
necessary  in  sand  soils  over  which  fires  have  run  repeatedly. 

Another  method  of  adding  nitrogen  to  the  soil  is  to  introduce  Nitrogen  in 
it  in  the  form  of  a  fertilizer.     This  is  done  through  ordinary  ™»^^®- 
manure  and  by  using  by-products,  such  as  packing-house  ref- 
use, fish  waste,  ammonium  sulphate,  —  a  by-product  of  gas 

1  Albert  Fischer,  "The  Structure  and  Functions  of  Bacteria,"  trans,  by 
A.  C.  Jones,  Clarendon  Press,  Oxford,  1900,  pp.  88-97. 
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manufacture.  The  use  of  manure  puts  back  in  the  soil  a  part 
of  the  nitrogen  taken  away  from  it. 

Another  source  of  nitrogen  for  the  depleted  fields  is  the  ni- 
trates unported  from  dry  countries,  and  especially  Chile.  At 
the  present  time  large  quantities  of  this  material  are  used  for 
fertilizer.  It  is  imported  into  Europe  much  more  extensively 
than  to  this  country.  Various  estimates  have  been  made  as 
to  the  time  the  Chile  material  would  last  at  the  present  rate 
of  exportation,  ranging  from  25  or  30  years  to  300  or  400.* 

While  the  total  supply  of  this  material  is  large,  compared 
with  future  demands,  even  if  the  large  estimates  as  to  the 
amount  are  correct,  it  is  small. 

A  final  source  of  nitrogen  fertilizer  is  from  the  air  by  the  use 
of  power  developed  by  water. 

By  electrical  methods  it  has  been  found  that  nitrogen  can  be 
combined  with  other  substances,  and  thus  nitrates  made.  This 
is  already  done  on  an  extensive  scale  in  Europe,  and  is  likely 
to  be  extended  to  this  country.  It  is  not  many  years  ago  that 
the  power  of  the  leguminous  plants  and  bacteria  to  combine 
the  nitrogen  of  the  air  and  the  electric  method  of  doing  so  were 
unknown.  It  was  then  suppKxsed  that  the  Chile  deposits  were 
the  only  source  supplementary  to  manure.  At  that  time  Sir 
William  Crooks  gave  a  somewhat  gloomy  forecast  as  to  the 
future,  when  the  time  should  come  that  because  of  lack  of 
nitrogen  fertilizer  the  yield  of  the  fields  should  decline.* 

But  the  advance  of  science  has  solved  the  nitrogen  problem. 
The  fields  can  by  sufficient  effort  have  built  up  in  them  an 
adequate  amount  of  nitrogen  compound.  If  we  have  de- 
pleted our  fields  in  this  element  in  the  past  it  has  been  exp>en- 
sive,  but  the  damage  is  not  irremediable.  At  sufficient  cost  we 
may  obtain  or  produce  the  combined  nitrogen  that  we  need,  not 
only  now,  but  in  the  future.  Therefore  the  nitrogen  problem 
is  not  a  crucial  one  with  reference  to  food  for  the  human 
race. 


»  "The  Nitrate  Deposits  of  Chile,"  by  R.  W.  T.  Penroee,  Jr.,  Journal  of 
Geology,  Vol.  XVIII,  p.  28. 

^'"The  Fixation  of  Atmospheric  Nitrogen  and  the  Food  Supply,"  by 
L.  F.  Guttmann,  Queen's  Quarterly,  Vol.  XVII,  No.  4,  p.  297. 
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POTASSIUM 


The  second  of  the  elements  requiring  special  consideration  Potassium 
is  potassium.  The  crust  of  the  earth  contains  on  an  average  *^  ^*'- 
2j  per  cent  of  this  material.  According  to  Hopkins,  100 
bushels  of  corn  contain  19  pounds  of  potassium;  and  the  aver- 
age amount  in  the  soil  is  sufficient  to  supply  100  bushels  of  corn 
per  acre  for  2500  years,  assuming  that  the  corn  stalks  are  re- 
turned to  the  land.  Also  there  are  various  rocks  which  contain 
more  than  2^  per  cent  of  potassium.  Some  of  them  contain  as 
much  as  6  or  8  per  cent  of  this  element,  or  three  times  the 
normal  amount,  and  the  quantity  of  such  rock  is  vast. 

By  nature's  processes,  potassium  has  been  extensively  ab-  Potassium 
stracted  from  the  original  rocks,  and  has  been  concentrated  so  segregation, 
that  in  various  parts  of  the  world  there  are  large  quantities 
of  this  element  in  a  readily  soluble  form  in  which  it  is  available 
for  fertilizing  the  soils  deficient  in  it.     Illustrating  such  seg- 
regation are  the  extensive  potassium  deposits  of  Germany, 
which  are  estimated  to  be  sufficient  to  meet  the  demand  at  the 
present  rate  for  thousands  of  years.     Even  if  in  the  future 
these  segregated  and  soluble  deposits  of  potassium  are  ex- 
hausted, we  may  still  use  the  original  rocks,  which  are  more 
than  ordinarily  rich  in  this  element,  as  a  source  from  which 
more  concentrated  material  may  be  manufactured,  or  the  very 
finely  pulverized  rocks  may  be  used  directly  as  a  fertilizer. 
I    Therefore  it  is  clear  that  if  we  by  carelessness  deplete  some  Potassium 
of  our  fields  in  potassium,  we  may  restore  that  element.     Some  °®*  crucial 
lands  when  first  occupied  are  found  to  be  deficient  in  it,  as  for 
instance,  the  peat  marshes;  but  there  is  an  adequate  supply  of 
potassium  available  to  meet  the  needs  of  such  land.     Thus 
through  the  indefinite  future,  with  sufficient  expenditure  of 
money  and  labor,  we  may  supply  potassium  to  the  fields  de- 
pleted in  it,  and  to  those  originally  lacking  it.     Hence  potas- 
sium is  not  a  crucial  element  likely  to  limit  the  capacity  of  the  * 
lands  to  feed  the  human  race. 
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PHOSPHORUS 

Phospho-  The  last  of  the  elements  which  we  need  to  consider  is  pho&- 

rus  a  crucial  pj^Qpyg     jug^  as  we  find  in  the  arid  region  that  water  is  a 

element.  ^  *         i       i         •  j  • 

crucial  factor,  limiting  production,  so  for  the  humid  regions 
of  the  United  States  phosphorus  is  the  crucial,  the  limiting 
factor,  in  the  productivity  of  the  soil.  Phosphorus  is  an  essen- 
tial constituent  of  blood  and  flesh  and  bone  and  brain.  How 
essential  it  is,  has  been  very  clearly  shown  by  experiments 
which  have  been  carried  on  in  the  Wisconsin  exi>eriment  sta- 
tion,^ following  somewhat  analogous  experiments  elsewhere. 
Animals  have  been  fed  with  a  ration  deficient  in  phosphate, 
with  the  result  that  these  animals  thrived  for  a  time,  but  after 
three  months  they  collapsed.  In  an  intermediate  stage  some 
of  them  were  killed  and  it  was  found  that  the  flesh  was  taking 
the  phosphate  from  the  bone  in  order  to  supply  its  need.  This 
went  on  until  the  bones  were  no  longer  able  to  supply  phos- 
phorus to  the  flesh,  and  then  the  irretrievable  collapse  came; 
they  could  not  recover  when  fed  a  normal  ration. 

In  this  connection  the  relation  of  the  phosphorus  in  wheat 
grain  and  wheat  bran  is  interesting.  Henry  states  the  bran 
comprises  about  one  fourth  of  the  kernel.  According  to  Tot- 
tingham,  the  average  of  phospfiorus  in  the  entire  kernel  is  .^9 
per  cent  and  in  the  bran  1.26  per  cent.  From  this  it  follows 
that  100  pounds  of  wheat  grain  contains  .39  pound  of  phos- 
phorus, and  that  the  25  ix)unds  of  bran  in  the  same  contains 
.32  pound  of  phosphorus;  this  leaves  only  .07  pound  of  phos- 
phorus in  the  grain  exclusive  of  the  bran.  Hence  about  80 
per  cent  of  the  phosphorus  is  removed  with  the  bran.  Po- 
tatoes, in  this  country  the  most  common  food  other  than  the 
white  bread,  contains  only  one  sixth  as  much  phosphorus 
as  wheat.  It  is  clear  that  the  human  beings  whose  main 
The  food  of  food  is  bread  made  from  white  flour  or  such  bread  and 
^  ^®^'  potatoes,  are  using   a  deficient  phosphate    ration.     It  is 

»  "The  R61e  of  Inorganic  Phosphorus  in  the  Nutrition  of  Animala,"  by 
E.  B.  Hart.  E.  V.  McCollum,  and  J.  G.  Folk,  University  of  Wiaoonain 
Agricultural  Experiment  Station,  Research  Bulletin  No.  1,  1909. 
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not  surprising  that  mothers  whose  main  articles  of  diet 
are  white  bread  and  potatoes  are  not  able  properly  to 
nourish  their  babies. 

On  the  average  in  the  original  rocks  there  is  .11  of  1  per 
cent  of  phosphorus,  the  equivalent  of  about  .25  of  1  per  cent 
of  phosphoric  oxide.  According  to  Whitson/  the  average 
for  the  virgin  soils  of  Wisconsin  is  even  lower  than  this,  — 
.17  of  1  per  cent  of  phosphoric  oxide.  For  the  first  eight 
inches  of  soil  this  would  amount  to  2940  pounds  per  acre. 
If  this  amount  is  as  large  as  the  average  of  the  country  for 
virgin  soils,  it  would  follow  that  in  the  manufacture  of  the 
soil  itself  about  one  third  of  the  phosphorus  in  the  original 
rocks  is  lost. 

While  the  above  doubtless  represents  a  fair  average,  there 
are  some  soils,  and  especially  limestone  soils,  which  have  a 
greater  amount  of  phosphorus.  To  illustrate:  ''The  Silu- 
rian limestones  in  central  Kentucky,  which  are  so  enduring 
to  ill  treatment  that  for  a  hundred  years  of  misuse  they 
have  brought  good  crops  of  Indian  corn  and  wheat,  owe  their 
continued  fertility  to  the  existence  in  the  strata  of  layers 
containing  often  as  much  as  twenty  per  cent  of  lime  phos- 
phate, which  is  continually  coming  into  soluble  condition 
and  so  replaces  the  waste."  ^ 


Losses  of  Phosphorus 

An  examination  of  the  situation  for  the  country  shows  Soils  de- 
that  already  the  soils  are  seriously  depleted  in  phosphorus,   phogi^. 
Indeed,  for  extensive  areas  in  the  South  and  East  the  phos-  ms. 
phorus  is  so  deficient  that  there  is  scarcely  any  attempt 
to  raise  a  crop  without  the  use  of  phosphate  compounds  as 
fertilizers.     Hopkins^   states  that  old   soils  from  Virginia 

*  "Factors  Influencing  the  Phosphate  Content  of  Soils,"  by  A.  B.  Whitson 
and  C.  W.  Stoddard,  University  of  Wisconsin  Agricultural  Experiment 
Station,  Research  Bulletin  No.  2. 

2  "Man  and  Nature,"  Nathaniel  Southgate  Shaler,  p.  135. 

3  "The  Soil  and  Prosperity  of  the  State,"  by  C.  G.  Hopkins,  delivered 
before  the  1909  Farmers'  Course  at  University  of  Wisconsin.  Quoted  in  Wis. 
Agr.  Exp.  Sta.  Bull.  174,  April,  1909. 

T 


322    CONSERVATION  OF  NATURAL  RESOURCES 

level  land,  "reported  too  poor  for  cultivation,  were  found 
by  ultimate  and  absolute  chemical  analysis  to  contain  only 
340  pounds  of  total  phosphorus  in  2,000,000  poun,ds  of  the 
surface  soil";  whereas  the  best  black  soils  of  Illinois  con- 
tain more  than  six  times  this  amount.  Western  New 
York  and  Ohio,  which  not  more  than  fifty  or  sixty  years  ago 
were  regarded  as  the  very  center  of  the  fertility  of  the  coun- 
try, are  very  seriously  depleted  in  this  element;  and  into 
them  there  is  continuous  importation  of  phosphate  fertilizer. 
And  even  in  the  upper  Mississippi  Valley  the  situation  is  not 
altogether  satisfactory.  Hopkins  of  Illinois  reports  that  the 
soil  of  at  least  one  third  of  that  state  is  deficient  in  this 
element.  Tests  made  by  Whitson'  show  that  on  the  average 
the  fields  in  Wisconsin  which  have  been  cropped  for  fifty 
years  have  lost  more  than  one  third  of  that  element. 

Hopkins  says  that  the  worn-out  fields  of  "Asia  are  very 
deficient  in  phosphorus.  An  invoice  of  the  depleted  lands 
of  India  shows  phosphorus  varying  from  a  trace  to  500 
pounds  per  acre  in  the  plowed  soil  of  an  acre.  The  report 
of  an  analysis  of  depleted  land  in  Turkey,  Asia,  states  that 
no  phosphorus  could  be  found  in  the  surface  soil."  * 
Phospho-  In  the  case  of  soils  depleted  in  phosphorus,  that  the  main 

^eidot         trouble  is  the  lack  of  this  element  is  proven  conclusively  by 
floO.  the  increased  crops  when  upon  such  soils  phosphatic  fer- 

tilizer is  introduced.  This  is  shown  by  experiments  upon 
many  varieties  of  crops  in  various  localities,  and  especially 
in  the  states  of  Ohio,  Illinois,  and  Wisconsin.'  Hopkins 
says  in  reference  to  Illinois  that  thirty-two  tests  in  six  dif- 
ferent counties  show  an  increase  in  1908  of  nine  bushels  per 
acre  of  corn  as  the  result  of  using  raw  phosphate  during  the 
previous  four  or  five  years. 

The  waste  of  phosphorus  resulting  in  the  condition  de- 
scribed has  been  going  on  up  to  the  present  time  unchecked, 

»  *' Factors  Influencing  the  Phosphate  Content  of  Soils, "  by  A.  R.  Whitaon 
and  C.  W.  Stoddart,  University  of  Wisconsin,  Reaearch  Bulletin  No.  2, 
43-45. 

^Loc.  cit. 

'  "The  Conservation  of  Phosphates  on  Wisconsin  Farms,"  by  A.  R. 
Whitson  and  C.  W.  Stoddart,  Univ.  of  Wis.  A«.  Exp.  Station,  Bull.  174, 
April,  1909,  pp.  9-14. 
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almost  unnoticed,  because  studies  in  reference  to  the  matter 
have  been  undertaken  only  within  the  past  few  years. 
The  losses  of  the  land  in  phosphorus  are  due  to  three  causes : — 

1.  We  have  noted  that  there  is  phosphorus  in  grain.  Grain  sold 
When  a  crop  of  grain  is  sold  off  the  land,  there  is  loss  of  *^^^  p^°^ 
phosphorus;  if  this  goes  on  year  after  year  this  loss  continues 
until  the  deficiency  of  phosphorus  becomes  a  limiting  factor 
in  the  productivity  of  the  soil.  At  the  present  time  the 
wheat  fields  of  northern  California  and  those  in  the  Willa- 
mette Valley  cropped  for  many  years  are  falling  off  in 
their  yield.  This  is  probably  more  largely  due  to  depletion 
of  phosphorus  than  to  any  other  single  cause. 

A  crop  of  wheat  may  be  regarded  as  20  bushels,  of  barley  phospho- 
40  bushels,  of  oats  50  bushels,  of  corn  65  bushels.  Accord-  rus  and 
ing  to  Snyder,  these  amounts  of  grain  carry  away  the  follow-  cro™a.^'  ° 
ing  amounts  of  phosphoric  oxide;  wheat,  12.5  pounds, 
barley,  15  pounds,  oats,  12  pounds,  corn,  18  pounds.  If 
there  were  2940  pounds  of  phosphoric  oxide  in  the  soil  it 
would  therefore  follow  that  there  is  a  sufficient  amount  to 
furnish  about  from  160  to  250  crops.  These  figures  would 
represent  the  maximum  time  the  phosphorus  of  the  soil 
would  last  if  grain  crops  were  produced  to  the  amounts 
mentioned  and  the  grain  were  sold  off  the  farm.  Other 
factors  are  of  course  involved.  This  statement  on  one  side 
does  not  take  into  account  any  allowance  for  removal  of  the 
phosphorus  by  leaching  nor  on  the  other  side  does  it  con- 
sider the  decrease  in  the  amount  of  phosphorus  extracted 
each  year  as  the  crop  becomes  smaller  because  of  the  de- 
pletion of  the  soil  in  that  element. 

Where  the  grain  and  other  products,  such  as  meat,  milk, 
and  cheese,  are  sold  off  the  farm,  there  may  be  imported 
feeds  which  to  a  certain  extent  replace  the  phosphorus  sold. 

Whitson  and  Stoddart  have  made  out  a  balance  sheet  for  Dairy  and 
phosphorus  on  two  farms  of  one  hundred  acres  each,  one  of  ^^^  ^^' 
which  is  a  dairy  farm  and  the  other  a  grain  farm.     On  the  compared, 
first,  on  account  of  the  importation  of  phosphorus  in  feed 
the  net  annual  loss  is  only  30  pounds  of  phosphoric  oxide; 
whereas  in  the  case  of  the  grain  farm  the  loss  is  615  pounds. 
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This  shows  the  great  advantage  of  dairy  farming  over  grain 
farming.  Whitson  and  Stoddart  have  also  prepared  a 
phosphorus  balance  sheet  for  the  state  of  Wisconsin,*  the 
only  estimate  of  this  kind  of  which  I  have  knowledge.  The 
loss  of  phosphorus  from  products  leaving  the  state,  and 
the  amounts  which  come  in  through  importation  of  bran, 
are  given,  with  a  net  loss  of  15,000,000  pounds  per  annum 
of  phosphoric  oxide,  as  shown  by  the  following  table:  — 

Amount  of  Phosphoric  Acid  Annually  Lost  from 
Wisconsin  Farms 

Pbcmpbokio 

OXIDB 

I.  Sold  from  farm  annually:  Pound* 

1.  150,000  hogs 2,000.000 

2.  250,000  neat  cattle 5.000,000 

3.  Milk  and  cheese  from  1,200,000  oows 5,000,000 

4.  15,000,000  bu.  oats 3,000,000 

Loss  in  handling  manure 10.000.000 

Total  loss  through  sales 25,000,000 

II.  Returned  to  farm: 
160,000  tons  of  bran  and  other  feed  stuffs  ....      10.000.000 

Net  loss  to  the  farms 1.^,000,000 

Value  at  five  cents  per  pound $750,000 

If  similar  studies  were  made  for  other  states,  doubtless 
similar  results  would  be  reached.  All  would  certainly  show 
a  loss,  although  the  amount  of  the  loss  would  be  smaller  for 
some  states  and  larger  for  others;  but  it  is  believed  that 
when  such  studies  are  made  most  states  will  be  found  to 
have  suffered  a  greater  loss  than  Wisconsin;  for  the  latter 
is  a  dairy  state  which  imports  large  quantities  of  phosphate 
carrying  bran  from  the  mills  of  Minneapolis. 
Phospho-  The  question  now  arises  as  to  what  becomes  of  the  phos- 

phorus sent  from  the  farms.  The  farm  products  from  the 
country  go  to  the  cities  of  the  United  States  or  are  exported. 

Some  part  of  the  phosphorus  sent  to  the  city  is  returned 
to  the  country  through   the  manure  derived   from  these 

» •'The  Conservation  of  Phosphatee  on  Wiaconsin  Farms,"  by  A.  R. 
Whitson  and  C.  W.  Stoddart,  Univ.  of  Wis.  A«.  Exp.  Station,  Bull.  No.  174, 
April,  1909,  pp.  1-8. 
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centers  and  through  the  fertilizers  made  by  the  packing  and 
other  industries;  but  much  the  larger  portion  goes  into  the 
sewage.  The  sewage  systems  of  the  cities  are  a  modern  in- 
vention. In  this  country  the  sewage  of  the  great  majority 
of  the  cities  is  run  into  the  rivers  or  into  lakes,  and  is  carried 
by  the  waters  to  the  sea.  Whitson  estimates  that  the  loss 
in  the  cities  due  to  human  excreta  alone  is  the  equivalent  to 
two  or  three  pounds  of  phosphoric  oxide  per  acre  for  the 
entire  cropped  region  of  the  United  States.  Supposing  this 
loss  to  be  two  pounds,  one  one  thousandth  of  a  ton,  this 
amounts  for  400,000,000  acres  of  cropped  land  to  400,000 
tons  of  phosphoric  oxide  —  equivalent  to  1,200,000  tons  of 
phosphate  rock. 

A  considerable  portion  of  the  phosphorus  sent  from  the  Phospho- 
farms  goes  out  of  the  country  with  the  exports,  and  especially 
exports  of  grain.     In  1908  there  were  exported  100,371,057 
bushels   of   wheat,    52,445,800   bushels   of    corn,    4,349,078 
bushels  of  barley,  and  smaller  quantities  of  other  grains.^ 

According  to  Snyder  each  bushel  of  wheat  contains  .625 
of  a  pound  of  phosphoric  oxide,  corn  .277,  and  barley  .375. 
This  means  that  the  wheat  exported  carried  away  with  it 
31,366  tons  of  phosphoric  oxide,  the  corn  7264  tons,  and  the 
barley  815  tons,  making  a  total  of  39,455  tons.  It  is  safe  to 
conclude  that  exports  of  other  grains,  of  meat,  of  dairy 
products,  etc.,  increase  the  amount  of  phosphoric  oxide  ex- 
ported in  food  products  to  not  less  than  50,000  tons.  This, 
the  equivalent  to  150,000  tons  of  high  grade  phosphate  rock, 
is  a  conservative  estimate  of  the  annual  loss  to  the  country 
of  phosphorus  through  exportation  of  food  products. 

While  in  the  past  we  have  been  a  great  food  exporting 
nation,  compared  with  our  total  products,  exports  are  decreas- 
ing. The  two  chief  grains  exported  are  wheat  and  corn. 
The  average  amount  of  wheat,  including  that  transformed 
'to  flour,  exported  per  annum  during  the  five  years  from 
1889  to  1903,  inclusive,  was  212,476,674  bushels;  the  average 
for  the  five-year  period  1904  to  1908,  was  114,438,725  bushels, 
or  only  a  little  more  than  half  as  much.    The  average  export 

1  Year  Book  of  the  Department  of  Agriculture,  Washington,  1908. 
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of  corn  for  the  fifteen  years  before  1896  was  somewhat  more 
than  50,000,000  bushels.  For  the  three  years  from  1896 
to  1898  the  average  amount  of  com  exported  was  163,991,112 
bushels;  for  the  five  years  1899  to  1903,  135,290,376  bushels; 
and  for  the  five  years  from  1904  to  1908,  81,968,293  bushels; 
and  for  the  last  year  of  this  period  only  55,063,860,  or  aboul 
the  same  as  before  the  great  corn  exporting  epoch  began.  It 
is  certain  that  in  the  not  distant  future  our  own  people 
need  all  the  food  we  produce.  Hill  says  that  in  a  few  year8,J 
he  thinks  ten,*  we  shall  need  all  the  wheat  we  raise.  When 
the  time  comes  that  we  keep  in  this  country  the  products 
of  the  lands,  loss  of  phosphorus  through  the  exportation  of 
farm  products  will  cease. 

2.  There  is  a  loss  of  phosphorus  to  the  soil  in  agricultural 
operations  beyond  the  amount  abstracted  by  the  crops  sold 
from  the  farm.  Whitson  determined  this  amount  in  the 
fields  of  Wisconsin  cropped  for  fifty  years  at  301  pounds 
of  phosphoric  oxide  in  that  time,  or  10  per  cent  of  the  total 
amount  in  the  soil;  and  30  per  cent  &s  much  as  was  taken 
away  by  the  crops.  Put  another  way,  somewhat  less  than 
80  per  cent  of  the  total  loss  was  in  the  crop  and  somewhat 
more  than  20  per  cent  unaccounted  for.  This  unaccoimted- 
for  phosphorus  doubtless  represents  the  loss  due  to  leaching 
and  erosion. 

The  calculations  given,  p.  323,  that  the  soil  contains  a 
suflficient  amount  of  phosphorus  for  from  160  to  250  crops 
does  not  take  into  account  the  loss  of  phosphorus  in  excess 
of  that  removed  by  the  crop.  The  loss  due  to  both  these 
causes  in  fifty  years  Whitson  finds  to  be  1255  pounds  of 
phosphoric  oxide,  or  somewhat  more  than  40  per  cent  of 
the  total  amount.  Using  these  figures  as  the  basis  of  calcu- 
lation, there  would  be  a  sufficient  amount  of  phosphorus  in 
the  soil  to  supply  losses  both  by  cropping  and  by  leaching 
for  120  years.^ 

Certain  crops  are  especially  extravagant  in  phosphorus. 

*  Address  delivered  by  James  J.  Hill  at  the  35th  Annual  Convention  of 
the  American  Bankers  Association.  Chicago,  Sept.  14,  1909. 

'  "Factors  influencing  Phosphate  Content  of  Soils."  by  A.  R.  Whitson 
and  S.  W.  Stoddart,  Univ.  Ag.  Exp.  Station,  Research  Bull.  No.  2,  June,  1909. 
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Such  crops  are  illustrated  by  tobacco,  which,  when  raised  Tobacco 
continuously  on  soil  which  is  heavily  manured,  results  in  ^f^  p^°*" 
enormous  losses  in  this  element.     Whitson  finds  that  the  loss  travagantiy. 
in  tobacco  farming,  in  addition  to  the  amount  extracted  by 
the  crop  itself,  is  twelve  times  as  great  as  that  with  grain. 
In  sixteen  fields,  which  have  been  cropped  upon  the  average 
with  tobacco,  thirty  years  and  with  other  crops  sixteen  years, 
the  amount  of  phosphorus  lost  was  equal  to  that  originally 
present  in  the  soil.     It  is  clear  that  in  considering  the  profit 
of  a  crop  hke  tobacco  which  results  in  extreme  loss  of  phos- 
phorus by  leaching  and  washing,  this  factor  should  be  con- 
sidered.    From  the  point  of  view  of  the  future  of  the  race, 
whatever  the  current  profit,  it  is  a  most  extravagant  crop. 
Cotton  is  another  extravagant  crop  so  far  as  phosphorus  is 
concerned. 

3.  There  is  a  great  loss  of  phosphorus  from  the  wash  of  Phospho- 
manure  at  stables  and  barnyards.     Up  to  the  present  time  ^^  ^°^*  "* 

'^  r-  ir-  manure. 

the  farmers  of  this  country  have  not  thought  of  manure  as 
an  especially  valuable  asset.  They  handle  it  as  a  material 
a  part  of  which  it  is  advantageous  to  get  back  upon  the  soil 
at  some  convenient  time;  but  it  has  never  been  regarded  as 
a  necessity  to  save  all  of  the  manure  produced  by  the  ani- 
mals, both  liquid  and  solid.  It  is  estimated  that  about  one 
third  of  the  value  of  the  manure  under  present  methods  is 
lost.  This  causes  probably  the  largest  single  loss  of  phos- 
phorus. There  is  no  way  to  estimate  it  accurately,  but  it  is 
safe  to  say  that  it  amounts  to  an' equivalent  each  year  of  a 
million,  perhaps  millions,  of  tons  of  high  grade  phosphate 
rock. 

Sources  of  Phosphorus 

James  J.  Hill,  in  his  White  House  address,  said:  "Put 
fertilizers  on  the  soil;  they  act  as  tonics."  This  is  easy  to 
say,  but  the  statement  raises  the  question  in  the  case  of 
phosphorus  as  to  the  source  of  this  material. 

It  is  one  of  the  great  laws  of  nature  that  under  favorable 
conditions  the  forces  and  agents  of  rock-alternation  tend  to 
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segregate  locally  each  of  the  elements.  To  such  processes 
of  segregation  are  due  the  available  metallic  ores,  since  the 
average  amounts  of  the  valuable  materials  in  the  rocks  are 
far  below  those  in  the  workable  ore  deposits. 

The  segregative  processes  of  nature  have  fortunately  con- 
centrated phosphorus  in  various  ways,  and  these  deposits  are 
the  chief  source  of  supply  of  our  phosphates. 

The  eariiest  phosphatic  fertilizer  to  be  used  was  guano, 
mainly  derived  from  the  islands  ofif  the  western  coast  of 
South  America.  If  the  segregation  of  phosphorus  in  guano 
were  fully  described,  it  would  be  appreciated  how  slow  and 
intricate  is  the  process  of  concentration  of  a  rare  element. 
The  story  would  involve,  first,  the  solution  of  the  widely 
disseminated  phosphorus  from  the  original  rocks,  its  segre- 
gation through  complex  processes  in  the  small  plants  and 
animals  that  become  the  food  of  fishes,  which  in  turn  become 
the  food  of  sea  birds.  The  dry  excrement  of  the  sea  bird 
constitutes  the  guano.  Much  of  the  guano  contains  25  per 
cent  to  40  per  cent  of  phosphoric  oxide.  Thus,  nature's 
processes  of  segregation  have  multiplied  the  amount  of  phos- 
phorus in  the  original  rock  from  a  hundred  to  more  than  a 
hundred  and  fifty  fold. 

Long  before  man  existed  on  the  earth  the  ancient  segre- 
gation of  birds  and  other  animals,  formed  on  an  extensive 
scale,  were  buried  among  the  sediment  and  have  been  par- 
tially preserved  in  the  rocks.  These  deposits  constitute  the 
chief  source  of  our  mineral  phosphates. 

In  the  United  States  are  deposits  of  rock  phosphate  both 
in  the  eastern  and  western  parts.  In  the  East  the  chief 
deposits  are  in  South  Carolina,  Florida,  and  Tennessee;  there 
are  also  phosphate  deposits  of  considerable  extent  in  Arkansas. 
These,  however,  are  of  low  grade  and  probably  will  not  be 
available  until  material  can  be  marketed  which  contains  as 
little  as  30  to  50  per  cent  of  calcium  phosphate. 

Van  Horn  gives  the  following  estimate  of  the  amount  of 
high  grade  mineral  phosphate  in  the  Southern  states  in  1907: — 
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Table  showing  Estimate  of  High  Grade  Phosphate  Rock 

T0N8 

South  Carolina 3,000,000 

Florida        15,000,000 

Tennessee 40,000,000 

.  Total 58,000,000 

From  the  three  Southern  states  all  of  the  phosphate  rock  Life  of 
which  is  now  mined  is  derived.     In  1908  the  production  of  So"*^ern 
the  mines  was  2,661,459  tons  of  high  grade  phosphate  rock.  p^°^p^^^- 
The  increase   in  production  has  been  rapid,  and  it  is  esti- 
mated by  Van  Horn  that  if  this  rate  continues  in  the  future 
as  it  has  in  the  past  that  the  amount  mined  would  be  some 
17,000,000  tons  by  1932.     We,  of  course,  are  not  sure  that 
this  rapid  rate  of  increase  will  continue;  and,  therefore,  it  is 
somewhat  uncertain  as  to  how  long  in  the  future  the  high 
grade  rock  of  the  South  will  last,   but    an  estimate  from 
twenty-five  to  fifty  years  would  be  rather  sanguine  than 
otherwise;   for  with  no  increase  the  latter  period  would  ex- 
haust the  estimated  supply. 

It  is  to  be  remembered,  however,  that  there  are  imdeter-  Low  grade 
mined  quantities  of  lower  grade  rock,  and  the  amount  is  P^^^sphate. 
known  to  be  very  large.  It  is  certain  that  this  material  will 
be  drawn  on  in  the  future.  Of  the  amount  of  the  low  grade 
material  we  cannot  give  even  an  approximate  estimate.  At 
the  present  time  only  material  is  being  mined  which  contains 
from  60  to  80  per  cent  of  calcium  phosphate.  It  is  certain 
that  in  the  future  we  shall  be  obliged  to  use  material  which 
contains  not  more  than  50  per  cent  of  calcium  phosphate 
and  probably  ultimately  material  which  contains  25  per 
cent  or  less.  With  reference  to  the  future  the  large  reserves 
of  low  grade  rock  are  more  important  than  the  extremely 
limited  supply  of  high  grade  material. 

Notwithstanding  this   situation   and   the   certainty  that  Exportation 
the  high  grade  rock  of  the  eastern  part  of  the  country  will  °^^^ 
be  available  only  for  a  short  time,  and  that  the  low  grade 
material  will  be  wholly  inadequate  to  meet  the  future  needs 
of  a  nation,  in  1908  we  exported  1,188,411  tons  of  phosphate 
rock,  or  45  per  cent  of  the  output  of  the  mines.     And  since 


deposits. 
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the  rock  which  is  exported  is  of  the  highest  grade,  at  least 
one  half  of  the  phosphorus  mined  in  1908  went  abroad  to 
restore  to  fertiUty  the  depleted  fields  of  France,  Spain,  Ger- 
many, and  England. 

In  1908  it  was  announced  that  there  had  been  formed 
the  Franco-American  Consolidated  Phosphate  Company,  with 
a  capital  of  several  million  dollars.  At  the  time  of  the  an- 
nouncement this  company  had  acquired  over  16,375  acres 
of  the  best  available  land  of  Tennessee,  and  had  secured 
options  on  10,000  more.  They  have  made  plans  to  mine 
and  ship  phosphate  rock  on  a  large  scale.  It  is  therefore 
probable  that,  if  no  legislation  occurs  in  reference  to  this 
matter,  the  percentage  of  the  material  which  is  shipped 
abroad  will  rise  beyond  50  per  cent. 
Western  The  westem  phosphate  fields  are  the  greatest  of  those  in 

phosphate  America.  In  reference  to  this  region,  Van  Horn  says:  * 
"The  phosphate  occurs  over  a  considerable  area  in  south- 
eastern Idaho,  southwestern  Wyoming,  and  northeastern 
Utah.  It  is  found  in  rocks  of  Upper  Carboniferous  age  in 
a  series  of  shales  and  limestones,  100  feet  thick,  within  which 
are  several  beds  of  phosphate  rock  ranging  in  thickness  from 
a  few  inches  to  10  feet.  At  the  base  of  the  series  is  a  lime- 
stone, and  6  to  8  inches  of  soft  brown  shale  separates  this 
from  the  principal  phosphate  bed,  which  is  5  to  6  feet  thick. 
This  phosphate  bed  is  oolitic  in  character  and  high  in  phos- 
phoric acid.  There  are  in  the  series  several  other  beds 
ranging  from  a  few  inches  to  10  feet  in  thickness,  and  sepa- 
rated by  thin  beds  of  Hmestone  or  shale.  Usually  one  and 
sometimes  two  of  these  beds  at  a  given  section  are  workable, 
and  probably  some  of  the  others  will  eventually  be  mined. 
The  lime  phosphate  content  in  the  workable  beds  varies 
from  65  to  80  per  cent,  with  an  average  of  72  per  cent." 

Blackwelder  gives  a  more  detailed  description  of  that  por- 
tion of  the  westem  deposits  which  are  in  Weber  and  Ogden 
valleys,  Utah.  He  says,  "  the  phosphate  rock  occurs  in  con- 
tinuous, relatively  uniform  beds  alternating  with  limestone 

^  "Phosphate  Rock,"  by  F.  B.  Van  Horn.  Mineral  Reaourcea  of  the  United 
States,  Part  II,  Non-Metallic  Products,  1908,  U.  S.  Geol.  Survey,  p.  637. 
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and  shale.  They  are  exposed  in  mountains  of  2000  to  3000 
feet  relief  and  the  beds  are  generally  inclined  20  degrees  to 
50  degrees,  being  vertical  locally.  They  are  but  little  faulted, 
but  are  largely  concealed  by  tertiary  deposits.  One  outcrop 
has  been  traced  with  interruptions  for  fifteen  miles,  another 
for  about  six  miles,  and  extensions  can  be  inferred  with  some 
'confidence  for  a  length  of  twenty-five  to  thirty  miles.  There 
are  generally  two  rich  beds,  each  averaging  eight  feet  thick. 
The  rock  is  black  and  generally  oolitic  in  structure.  It  con- 
sists of  minute  nodules  of  phosphatic  material  embedded  in  a 
cement  which  is  largely  calcite.  There  are  all  gradations  from 
nearly  pure  phosphorite  to  pure  limestone."  Blackwelder 
estimates,  on  the  basis  of  a  workable  depth  of  3000  feet  and 
an  average  thickness  of  ten  feet,  that  there  is  in  this  district 
about  200,000,000  tons  of  high  grade  phosphate  rock. 

Hoyt  F.  Gale  has  made  an  estimate  of  the  phosphate 
rock  in  a  number  of  areas  examined  by  his  party.  On  the 
basis  of  a  single  five-foot  bed  and  including  only  material 
averaging  70  per  cent  of  tricalcium  phosphate,  this  is  as 
follows :  — 

Table  showing  Estimates  of  Phosphate  Rock  by  Gale 


Long  Tons 


Georgetown  area  .... 
Montpelier-Bennington  area 
Hot  Springs-Dingle  area  .  . 
Sublette  Mountain  area  .     . 

Cokeville  area 

Beckwith  Hills  area  .  .  . 
Crawford  Mountain  area  . 
Laketown  area       .... 


90,000,000 

16,000,000 

27,000,000 

32,000,000 

2,400,000 

2,800,000 

90,000,000 

6,750,000 


266,950,000 


Putting  Blackwelder's  and  Gale's  results  together  we  have 
466,950,000  tons.  It  thus  appears  that  there  is  in  the  western 
phosphate  fields  nearly  a  half  biUion  tons  of  high  grade 
phosphate  rock,  which  ^s  practically  in  sight.     There  is  little 
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Western 

phosphate 

deposits 

greatest 

known. 


Phosphate 
in  iron 
ores. 


Phosphate 
in  bones. 


Phosphate 
deposits  of 
foreign 
countries. 


doubt  that  more  detailed  work  will  largely  increase  this 
amount.  In  the  above  estimate  Gale  did  not  make  any 
attempt  to  include  the  amount  of  high  grade  phosphate 
rock  available  in  the  thinner  beds,  nor  was  any  estimate 
made  by  either  Blackwelder  or  Gale  of  the  low  grade  material. 
It  thus  appears  that  the  amount  of  phosphate  rock  in  the 
West  is  immeasurably  greater  than  all  other  known  supplies 
of  phosphate  rock  in  the  world.  They  represent  aside  from 
coal  and  iron  the  most  precious  mineral  heritage  of  the  nation. 

In  addition  to  the  deposits  of  phosphate  rock  considered 
there  is  a  small  percentage  of  phosphorus  in  certain  iron 
ores.  This  is  segregated  in  the  blast  furnace  slags,  or  the 
iron  ores  are  concentrated  before  smelting,  and  in  the  process 
the  phosphates  are  separated.  The  phosphate  slags  are 
mainly  from  the  Clinton  ores  and  the  concentrates  from  the 
Adirondack  ores.  The  amount  of  available  phosphate  from 
this  source  is  not  large,  and,  therefore,  cannot  be  depended 
upon  as  an  important  source  of  supply. 

Another  source  of  phosphate  is  that  material  in  the  bones 
of  domestic  animals.  So  far  as  such  animals  are  killed  in 
great  abattoirs,  the  bones  are  used  in  connection  with  other 
by-products  and  go  to  the  farmers  as  fertilizers,  and  thus  a 
certain  portion  of  the  phosphate  is  returned  to  the  soil. 

The  only  other  possible  source  for  phosphates  is  importa- 
tions from  other  countries.  In  the  past  there  has  been  im- 
ported into  this  country  considerable  amounts  of  guano,  for 
instance,  30,000  tons  in  1907;  but  in  1908  the  importation 
of  guano  fell  to  5728  tons.  The  largest  known  deposits  of 
foreign  phosphate,  according  to  Van  Horn,  are  the  three  South 
Sea  Islands,  —  Ocean,  Pleasant,  and  Makatea,  —  which  are 
estimated  to  contain  60,000,000  tons  of  high  grade  rock.  In 
Quebec  in  the  old  crystalline  rocks  there  is  phosphate  in  the 
form  of  apatite,  but  apparently  the  amount  of  high  grade 
material  is  extremely  limited.  Whether  there  may  be  large 
quantities  of  low  grade  rock  has  not  been  determined.  De- 
posits of  phosphate  rock  are  known  also  in  other  coimtries. 
However,  none  of  the  foreign  phosphates  can  be  looked  to  as 
a  permanent  source  of  supply  for  the  United  States.     In 
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the  future,  all  such  phosphates  will  be  required  by  the  coun- 
tries in  which  they  occur,  or  in  the  countries  which  control 
them.  Indeed,  the  total  production  of  phosphate  in  all  other 
countries,  in  1907,  did  not  equal  either  in  quantity  or  value 
the  amount  produced  in  the  United  States. 

According  to  Shaler,  the  Indians  on  the  west  coast  of 
South  America,  before  the  appearance  of  the  Spaniards 
more  than  four  hundred  years  ago,  knew  of  the  value  of 
guano  as  a  fertilizer.^ 

In  reference  to  guano,  Garcilaso  de  la  Vega,^  in  the  six-  The  law 
teenth  century,  gave  "a  very  interesting  account  of  the  o^*^^ 
manner  in  which  the  birds  producing  the  guano  were  pro- 
tected by  the  laws  of  the  Incas  of  Peru,  by  which  it  was  made 
a  crime,  punishable  by  death,  to  kill  the  sea  fowl,  to  gather 
their  eggs,  or  even  to  visit  the  islands  during  the  breeding 
season." 

A  recent  report  by  Robert  Coker  ^  to  the  government  of  KiUing  the 
Peru  on  the  future  of  the  guano  industry  and  the  guano-  P^osphate- 

^  o  producing 

producing  birds,  tells  ^f  'Hhe  robbery  of  eggs  on  a  large  birds, 
scale  in  past  years,  the  destruction  of  young  and  old  birds, 
and  the  disturbance  of  the  birds  in  their  nesting  grounds  by 
the  extraction  of  guano."  He  says  an  inevitable  result  "has 
been  a  great  diminution  in  number."  Mr.  Coker's  report 
pleads  for  regulations  to  increase  the  number  of  birds,  and 
thus  to  perpetually  maintain  a  large  supply  of  guano.  With 
reference  to  the  most  precious  of  the  fertilizers,  this  twentieth 
century  presents  an  ignominious  and  startling  contrast  with 
an  ancient  civilization.  In  considering  the  ill-treatment  of 
the  guano-producing  birds,  it  is  difficult  for  one  to  retain 
composure  and  speak  with  moderation  of  the  odious  combi- 
nation of  human  greed  and  brutality  exhibited  by  this  case 
of  exploitation  of  a  natural  resource,  in  complete  ignorance 
and  absolute  disregard  of  its  effect  on  the  future  of  our  race. 
The  phrase  ''killing  the  goose  that  laid  the  golden  egg"  was 
never  more  applicable.  We  frequently  contrast  with  pride 
our  progressive  age  with  the  past! 

1  "  Man  and  the  Earth,"  by  N.  S.  Shaler,  pp.  132-133. 

2  "Johnson's  Universal  Encyclopedia,"  Vol.  IV,  p.  52. 

3  Science,  July  10,  1908,  p.  60. 
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It  is  clear  that  looking  to  the  future  we  cannot  expect  that 
phosphate  from  other  countries,  either  in  the  form  of  rock 
or  guano,  will  furnish  a  supply  of  material  for  us. 

Remedies  for  Phosphorus  Depletion 

What  are  the  remedies  for  the  depletion  of  the  soil  in 
phosphorus,  for  remedies  must  be  introduced  if  the  soil  is 
to  meet  the  needs  of  our  people  for  hundreds  of  thousands 
of  years  to  come?  But  before  we  answer  this  question  it 
will  be  well  to  consider  the  total  extent  of  depletion  at  the 
present  time  in  order  that  we  may  appreciate  the  seriousness 
of  the  problem. 
Amount  of  Whitson's  investigations  show  the  loss  of  phosphoric  oxide 
neSed*^  in  the  fields  tested  in  Wisconsin  to  be  annually  about  twenty 
pounds  per  acre.  To  be  conservative,  let  us  suppose  that 
the  average  loss  for  the  United  States  is  but  half  of  this 
amount.  For  400,000,000  acres,  less  than  the  total  of  the 
cropped  lands,  this  would  represent  an  annual  loss  of  2,000,000 
tons  of  phosphoric  oxide;  but  since  the  phosphate  mined  is 
only  about  one  third  phosphoric  oxide,  to  supply  this  amount 
would  require  6,000,000  tons  of  rock,  or  more  than  twice 
the  entire  amount  mined  and  four  times  the  amount  re- 
tained in  the  country. 

If  we  suppose  the  accumulated  loss  of  phosphorus  from 
the  soils  of  the  United  States  due  to  cropping  is  one 
half  that  found  by  Whitson  in  the  fields  tested  in  Wis- 
consin (and  this  estimate  is  far  too  conservative),  the 
amount  would  be  a  quarter  of  a  ton  per  acre,  and  for 
400,000,000  acres  100,000,000  tons  of  phosphoric  oxide, 
which  is  the  equivalent  of  300,000,000  tons  of  phosphate 
rock.  Thus,  to  make  good  the  phosphorus  already  lost  to 
the  soil  in  the  United  States  by  reckless  disregard  of  the 
future  would  require  the  present  output  of  our  mines  for 
more  than  a  century;  even  if  at  once  it  were  possible  to 
prevent  further  depletion  of  the  soil,  and  no  more  of  our 
phosphate  rock  were  required  to  neutralize  the  current 
waste. 
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In  view  of  the  situation,  what  shall  be  done  ? 

(1)  The  waste  in  mining^must  cease.    At  the  present  time,  Waste  in 
in  the  mining  of  the  deposits  of  Florida,  Tennessee,  and  °ij"'"? 
South  Carolina,  little  attention  is  paid  to  anything  that  is 
below  65  per  cent  of  calcium  phosphate.     Great  quantities 

of  the  lower  grade  material  have  been  disregarded,  and  have 
been  handled  in  such  a  way  as  to  make  it  extremely  difficult 
in  the  future  to  recover  the  product.  For  instance,  in  Ten- 
nessee, according  to  Van  Horn,  "in  order  to  get  the  largest 
quantity  of  high-grade  rock  necessary  for  the  exporting 
trade,  50  per  cent  rock  in  large  quantities  is  thrown  on  the 
dump  waste."  ^ 

It  is  clear  that  with  reference  to  the  future  we  must  regard  Future 
the  low-grade  rock  as  an  important  asset  of  the  nation;  value  of 
and,   therefore,   laws  should  be  passed  in   those  states  in  phosphate 
which  phosphate  rock  occurs,  which  will  regulate  the  mining  rock, 
of  this  material,  which  will  require  that  the  high  grade  ma- 
terial be  handled  in  such  a  manner  as  to  make  low  grade 
material  available  later. 

(2)  All  the  phosphate  lands  of  the  public  domain  should  Phosphate 
be  retained  by  the  government  and  exportation  prohibited,  ^andsof 
The  importance  of  this  subject  was  brought  to  the  attention  domain 

of  President  Roosevelt  and  of  Secretary  Garfield  in  the  withdrawn, 
summer  and  autunm  of  1908.  In  December  9,  of  that  year, 
the  entire  western  field  of  phosphate  rock  so  far  as  known 
(see  p.  10),  4,702,520  acres,  was  withdrawn  from  private 
entry.  As  a  result  of  later  examinations  of  the  Geological 
Survey,  withdrawals  of  landb  containing  phosphate  to  the 
amount  of  399,963  acres  have  been  made  under  President 
Taft's  administration;  and  large  areas  of  land  first  with- 
drawn, not  containing  phosphate,  have  been  released,  leaving 
withdrawn,  March  4,  1910,  all  unpatented  lands  within  an 
area  of  2,504,003  acres. 

The  Secretary  of  the  Interior,  with  the  approval  of  Presi-  Proposed 
dent  Taft,  has  presented  a  bill  to  Congress  under  which  I.^^^^^QUij^g 
phosphate  lands  of  the  public  domain  are  to  be  retained  by  phosphate 
the  government.    It  is  proposed  that  these  lands  be  leased  i^^^^^- 

*  Loc*  dt. 
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Prohibition 
of  phos- 
phate ex- 
portation. 


in  parcels  of  not  more  than  640  acres  to  any  one  individual 
for  a  period  not  to  exceed  thirty  years,  with  a  possibility  of 
extension  by  periods  of  ten  years.  The  lessee  is  to  pay  a 
royalty  not  to  exceed  10  per  cent  of  the  value  of  the  output 
at  point  of  production,  with  small  ground  rental  increasing 
to  $1  an  acre  after  the  fourth  year,  —  this  rental,  however, 
to  apply  upon  the  royalties.  The  leases  are  to  contain  clauses 
as  to  the  maximum  price  which  may  be  charged  for  the 
phosphate  rock,  and  the  exportation  of  the  rock  from  this 
country  is  proliibited.  The  leases  when  given  should  also 
rigidly  prescribe  methods  of  mining  which  will  prevent 
waste  and  make  available  at  a  future  time  the  lower 
grade  products.  If  this  bill  becomes  a  law,  the  phosphate 
lands  of  the  West  with  their  enormous  deposits  will  remain 
permanently  the  property  of  the  nation;  not  only  so,  but 
since  prices  are  controlled  it  would  be  assured  that  this  ma- 
terial so  essential  to  the  agricultural  interests  may  be  secured 
by  the  farmers  at  reasonable  prices. 

(3)  Exportation  of  the  phosphates  from  the  privately 
owned  lands  of  Tennessee,  South  Carolina,  and  Florida  should 
be  prohibited.  The  clause  of  the  constitution  which  author- 
izes Congress  to  regulate  interstate  commerce  gives  ample 
power  to  prevent  the  exportation  of  phosphates,  if  this  be 
required  by  the  general  welfare  of  the  nation.  But  the  ques- 
tion may  be  raised  as  to  why  it  is  important  to  prohibit  ex- 
portation of  the  phosphate  rock  of  the  South,  if  the  deposits 
of  the  West  are  of  such  great  magnitude.  The  immediate 
importance  of  this  lies  in  the  factor  of  transportation.  The 
present  market  price  of  the  high  grade  southern  phosphates 
at  the  mine  is  less  than  $5  a  ton.  The  deposits  of  Florida 
and  South  Carolina  are  close  by  the  depleted  fields  of  the 
southeastern  region.  The  deix)sits  of  Tennessee  are  avail- 
able for  the  upper  Mississippi  Valley.  To  transport  the  phos- 
phates of  Idaho,  Wyoming,  and  Utah  to  the  eastern  humid 
regions  would  involve  an  average  rail  haul  of  not  less  than 
1500  miles,  and  the  cost  of  this  even  at  an  extremely  low  rate 
of  one  half  a  cent  a  ton  a  mile,  which  is  less  than  any  rate  now 
given,  would  be  $7.50  a  ton  for  the  freight  alone.     It  is  clear 
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that  the  people  of  the  United  States  cannot  afford  to  allow 
their  eastern  phosphate  rock  to  be  shipped  abroad. 

(4)  The  great  loss  of  phosphate  in  farm  manure  must  Reduction 
cease.     A  large  proportion  of  the  phosphate  used  by  the  ani-  ^^  p^^^ 
mal  as  food  passes  into  the  manure.    At  the  present  time  through 
the  agricultural  population  of  this  country  is  not  educated  manure, 
upon  this  subject,  and  in  consequence  it  is  estimated  that  prac- 
tically one  third  of  the  phosphate  of  manure  is  allowed  to 

wash  into  the  streams  and  thence  into  the  sea.  It  is  impos- 
sible to  make  any  accurate  estimate  of  the  loss  of  phosphorus 
in  this  way,  but  probably  it  is  the  largest  single  loss  of  that 
element.  Many  other  countries  are  far  ahead  of  America 
in  this  respect.  It  is  reaUzed  by  the  farmers  that  manure 
should  not  be  allowed  to  wash  away;  all  is  carefully  saved 
and  returned  to  the  land,  so  that  the  losses  are  comparatively 
small.  This  is  especially  true  of  the  densely  populated 
countries  which  have  been  cropped  for  centuries,  perhaps  in 
some  cases  for  thousands  of  years,  as  with  China  and 
Japan. 

(5)  There  must  be  reforms  in  the  methods  of  sewage  dis-  Reduction 
posal.     In  the  table  given  on  p.  324  it  has  been  seen  how  im-  ^^ate^bss 
portant  are  the  contributions  of  phosphorus  which  go  to  the  by  sewage, 
cities  in  the  form  of  meat,  milk,  cheese,  and  grain.     Under  our 
present  methods  of  sewage  disposal,  much  the  larger  part  of 

this  phosphorus  goes  directly  or  indirectly  to  the  sea.  It  is 
estimated  by  Whitson  that  the  loss  of  phosphorus  in  city 
sewage  is  the  equivalent  of  at  least  1,200,000  tons  of  high 
grade  phosphate  rock;  or,  in  other  words,  nearly  one  half  of 
the  output  of  the  mines  in  1908.  And  since  about  one  half 
of  the  phosphate  mined  is  shipped  abroad,  the  loss  by  sew- 
age alone  approaches  the  amount  added  to  the  land  through 
the  mined  product. 

In  this  country  there  has  been  as  yet  practically  no  attempt  Loss  of 
to  return  the  human  excrement  to  the  soil.     This  is  true  of  produced  by 
both  country  and  city.     In  the  country  the  use  of  human  man. 
excrement  for  a  fertilizer  is  comparatively  easy;  but  to  get 
.  the  farmer  to  do  this  is  difficult.     In  reference  to  the  city 
it  has  been  held  that  in  this  country  it  is  impracticable  to  use 
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sewage  for  fertilizer.  The  answer  is,  it  is  being  done  in  other 
countries.  The  phosphorus  of  sewage  can  be  saved  either  by 
direct  use  of  the  sewage  or  the  separation  of  the  phosphorus 
by  some  method  to  be  developed.  It  is  certain  that  one  of 
these  must  be  done,  if  in  the  future  we  are  to  conserve  the 
fertility  of  the  soil. 


China  and 
Japan. 


Agriculture 
Bnd  loss  of 
phosphates. 


Repeated 
use  of  phos- 
phorus. 


General  StatemenU 

The  wide  dispersal  of  vast  quantities  of  phosphorus, 
which  it  took  the  processes  of  nature  an  indefinite  period 
to  segregate,  must  cease  so  far  as  possible.  The  loss  is  irrep- 
arable. In  this  matter  we  may  well  turn  to  Japan  and 
China  for  guidance.  The  evidence  is  clear  that  the  people 
of  these  ancient  nations,  which  have  had  a  dense  population 
for  many  centuries  and  have  preserved  the  fertility  of  their 
soils,  have  carefully  saved  and  utilized  all  the  fertilizers  pro- 
duced. Not  only  so,  but  in  Japan  the  depletion  of  the  soil 
in  phosphorus  is  prevented  by  using  large  quantities  of  fish 
and  especially  herring  as  fertilizers. 

Even  at  the  best  it  is  difficult  to  see  how  agriculture  can 
be  carried  on  without  loss  of  phosphorus.  If  no  manure 
were  lost,  the  sewage  were  saved,  and  no  phosphate-bearing 
products  sent  from  the  farm,  there  would  still  be  the  loss  which 
results  from  increased  leaching  and  wash  due  to  agriculture. 
This,  as  has  been  seen  in  the  case  of  the  lands  of  Wisconsin 
cropped  for  fifty  years,  amounts  to  10  per  cent  of  the  total  in 
the  soil.  By  improved  methods  of  farming  this  loss  may 
be  reduced,  but  it  cannot  be  altogether  prevented. 

The  situation  with  reference  to  phosphorus  is  dwelt  upon 
because  it  is  the  crucial  element  in  soil  fertility.  If  we  retain 
the  phosphorus  of  the  soil,  it  can  be  used  again  and  again 
through  the  indefinite  future  like  a  circulating  medium.  An 
ounce  of  gold  made  into  a  coin  may  be  used  a  thousand  times, 
or  may  be  kept  in  the  vault  and  used  as  the  basis  of  a  gold 
certificate  through  thousands  of  years.  Similarly  this  ele- 
ment phosphorus,  incomparably  of  greater  importance  to  us 
than  all  of  our  gold  and  silver  and  copper  and  lead  and  zinc, 
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must  be  retained  as  a  resource  of  this  nation.  We  could  far 
more  wisely  export  our  output  of  the  precious  metals  with  the 
certainty  that  it  would  not  be  returned  to  us  than  we  can  our 
phosphate  rock.  We  could,  if  we  must,  get  along  without 
gold,  or  silver,  or  lead,  or  copper,  or  zinc.  We  cannot  get 
along  without  food.  The  problem  of  the  conservation  of  our 
phosphates  therefore  is  the  most  crucial,  the  most  important, 
the  most  far-reaching  with  reference  to  the  future  of  this  na- 
tion, of  any  of  the  problems  of  conservation. 

DAMAGE  TO   FARM   PRODUCTS 

The  next  of  the  subjects  to  be  considered  is  the  damages 
which  befall  farm  products.  It  is,  however,  a  subject  which 
can  no  more  than  be  considered  in  briefest  form;  for  to  treat 
adequately  any  one  phase  of  it  would  require  a  monograph. 

NOXIOUS   INSECTS   AND   MAMMALS 

The  first  of  the  damages  to  be  considered  are  those  due  to  Losses  from 
noxious  insects  and  mammals.  The  noxious  insects  and  "^sects. 
worms  are  very  numerous.  Corn  is  subject  to  the  corn  root- 
worm,  boUworm,  chinch  bug,  and  many  minor  pests.  Wheat 
suffers  mainly  from  the  chinch  bug,  the  Hessian  fly,  the  grain 
plant  louse;  and  many  other  insects  commit  less  important 
depredations.  Cotton  is  chiefly  subject  to  the  ravages  of  the 
cotton  boll  weevil,  the  boUworm,  and  the  leafworm.  Each 
of  these  major  pests  on  the  great  standard  crops  produce 
annual  losses  from  $10,000,000  to  $40,000,000. 

Fruits  are  attacked  by  the  codling  moth,  San  Jos6  scale.  Losses  to 
peach  tree  borers,  grape  phylloxera.  Marlatt  estimates  that  ^r^^^s. 
in  1907  the  losses  due  to  these  various  worms  and  insects  was 
more  than  $650,000,000.^  There  is  no  question  that  a  very 
large  portion  of  this  loss  can  be  remedied.  Those  who  have 
studied  horticulture  know  that  fruit  trees  should  be  sprayed 
with  mixtures  poisonous  to  the  insect  pests.    The  enemies  of 

^  "  Losses  due  to  Insscts,"  by  C.  L.  Marlatt,  Nat.  Con.  Com.,  Vol.  Ill, 
pp.  301-309. 
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the  insects  and  worms  should  be  encouraged  to  multiply. 
By  rotation  of  crops  any  one  objectionable  form  is  less  likely 
to  gain  foothold  than  if  the  same  crop  be  raised  continuously. 
This  is  very  well  illustrated  in  the  early  days  of  wheat  raising 
The  chinch  in  the  upper  Mississippi  Valley.  When  wheat  was  made 
whe^^  the  money  crop  year  after  year,  the  chinch  bug  became 
increasingly  destructive  until  such  ravages  were  made  that 
wheat  culture  for  extensive  areas  was  no  longer  profitable. 
In  this  particular  case  what  seemed  to  be  a  great  disaster 
was  really  a  benefit;  because  the  pressure  of  the  chinch  bug 
was  one  of  the  chief  causes  which  led  to  diversified  farming 
and  rotation  of  crops  in  the  Middle  West. 

LOSSES  DUE  TO   MAMMALS 

The  losses  due  to  the  growing  crops  caused  by  mammals 
are  also  great.  The  destructive  manmials  include  rabbits, 
prairie  dogs,  gophers,  field  mice,  and  others.  Merriam  esti- 
mates that  in  1907  the  losses  due  to  rodents  of  various  kinds 
and  other  burrowing  animals  was  nearly  $100,000,000.  Al- 
ready a  great  campaign  is  being  carried  on  in  the  West  to  elim- 
inate the  prairie  dog  and  to  reduce  the  numbers  of  the  jack 
rabbit.  The  reduction  of  the  numbers  of  the  smaller  of 
these  animals,  for  instance  the  mice,  is  frequently  very  greatly 
promoted  by  the  encouragement  of  carnivorous  birds.  It  is 
difficult  to  make  an  estimate  as  to  the  amount  that  the  losses 
due  to  mammals  may  be  lessened,  but  it  is  certain  that  they 
may  be  made  a  small  fraction  of  the  present  amount. 

PLANT   DISEASES 

Grain  rust  It  is  wholly  impossible  to  make  any  estimate  of  the  losses 
which  the  agricultural  crops  of  the  country  suffer  from  plant 
diseases,  but  it  is  known  that  for  the  country  as  a  whole  the 
losses  amount  to  hundreds  of  miUions  of  dollars  per  annum. 
Such  diseases  as  wheat  rust  and  oat  and  barley  smut  give 
simply  enormous  losses  every  year.  In  the  case  of  smut  on 
oats  in  Wisconsin,  a  few  years  ago,  R.  A.  Moore  estimated 
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the  annual  loss  at  $4,500,000.*  The  smut  of  oats  and  barley  Smut  on 
is  especially  mentioned  since  it  has  been  discovered  that  by  8^^^°- 
the  soaking  of  the  seed  grain  in  a  formaldehyde  solution,  so 
that  it  is  sterilized,  the  spores  which  produce  the  smut  are 
killed.  The  problem  is  solved.  It  is  only  necessary  to  put 
into  practice  the  knowledge  available.  The  situation  is  very 
different  with  rust;  as  yet  httle  progress  has  been  made  in 
its  control.  This  disease  is  the  cause  of  the  greatest  of  the 
single  losses  to  grain. 

NOXIOUS  WEEDS 

Closely  allied  to  plant  diseases  are  noxious  weeds.  Ac- 
cording to  McGee,^  weeds  are  useless,  in  that  they  contribute 
nothing  to  human  welfare,  are  injurious  in  that  they  consume 
water  and  plant  food,  are  noxious  in  that  they  choke  useful 
plants,  and  are  malignant  because  by  better  constitution  and 
greater  persistency  they  dispossess  the  ordinary  cultivated 
plants. 

Some  of  the  worst  of  the  weeds  for  the  northern  part  of  the 
United  States  are,  quack  grass,  Canada  thistle,  sow  thistle, 
star  thistle,  English  plantain,  oxeye  daisy,  toad  flax,  dodder, 
velvet  leaf,  wild  artichoke,  amprosia,  fox  tail,  and  wild  sun- 
flower. In  other  parts  of  the  country,  some  of  these  weeds 
are  present  and  also  others.  One  who  has  travelled  widely 
over  the  United  States  cannot  but  be  impressed  with  the  ex- 
tent to  which  weeds  occupy  the  land.  For  instance,  in  the  The  land 
upland  pastures  of  New  England  frequently  half  of  the  ground  ^y  w^eds. 
is  occupied  by  weeds,  among  which  Canada  thistle  is  especially 
conspicuous.  Throughout  the  fields  of  the  northeastern 
part  of  the  United  States  one  may  see  abundantly  wild  mus- 
tard which  very  greatly  decreases  the  jdeld  of  the  grains. 
Not  only  are  the  fields  widely  overrun  with  the  weeds,  but  for 
extensive  parts  of  the  country  the  public  highways  are  even 
to  a  greater  extent  infested  with  them,  and  thus  serve  as 
lanes  to  distribute  seeds  to  the  adjacent  fields. 

1  "Oat  Smut  and  its  Prevention,"  University  of  Wisconsin  Agr.  Exp. 
Station.  Bull.  Ill,  1904. 

2  ySoil  Erosion,"  by  W  J  McGee. 
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By  proper  cultivation  and  other  remedial  measures  noxious 
weeds  may  be  eradicated,  or  at  least  greatly  reduced  in 
amount.  Work  by  Moore  and  Stone  *  shows  that  the  wild 
mustard  can  be  destroyed  by  spraying  with  iron  sulphate, 
and  that  such  spraying  also  acts  as  a  powerful  deterrent 
for  cockleburr,  ragweed,  dandelion,  daisy,  wild  lettuce,  and 
various  other  common  farm  weeds.  To  destroy  Canada 
thistle,  proper  rotation  of  crops  seems  the  best  method.  As 
yet  no  quantitative  estimates  have  been  published  as  to  the 
decrease  in  the  efficiency  of  the  fields  because  of  weeds, 
but  when  such  investigations  are  made  it  is  certain  that  for 
extensive  areas  of  the  country  it  will  be  shown  that  the 
efficiency  is  very  greatly  decreased. 

If  the  preventable  money  loss  due  to  noxious  weeds  were 
known,  without  taking  into  account  the  ordinary  farm  weeds 
which  appear  in  connection  with  cultivation  and  must  each 
year  be  destroyed,  the  total  would  be  enormous  —  certainly 
reaching  many  millions  of  dollars  per  annum. 


DISEASES  OF   LIVE  STOCK 


Advance  in 
control  of 
animal 
diseases. 


The  next  of  the  losses  to  be  considered  are  due  to  diseases 
of  live  stock.  The  diseases  of  live  stock  are,  like  those  of 
human  beings,  of  many  kinds,  and  I  shall  mention  only  a  half- 
dozen.  Hog  cholera,  southern  cattle  tick,  scabies  of  sheep 
and  cattle,  tuberculosis  and  anthrax,  insect  pests  of  various 
kinds,  it  is  estimated,  led  to  losses  in  1907  amounting  to 
$267,000,000.  These  diseases  are  the  subject  of  continued 
study  by  the  United  States  Department  of  Agriculture  and 
by  the  various  state  experiment  stations.  Much  progress 
has  been  made  in  recent  years  in  the  reduction  of  the  losses 
due  to  these  diseases.  For  instance,  at  the  present  time 
vaccination  is  successfully  practiced  for  hog  cholera  and 
anthrax.  The  former  disease  used  to  result  in  very  great  de- 
struction, and  no  way  was  known  to  prevent  its  ravage,  but 
it  is  now  largely  under  control.     In  the  same  way  anthrax, 


»  "The  Eradication  of  Farm  Weeds, "  by  R.  A.  Moore  and  A.  L.  Stone. 
Univ.  of  Wisconsin  Agr.  Exp.  Station,  Bulletin  179,  1909. 
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which  used  to  be  the  cause  of  the  destruction  of  entire  herds, 
is  now  handled  promptly;  and  whenever  an  outbreak  of  the 
disease  occurs  the  animals  are  quarantined  and  the  disease 
controlled,  so  that  now  for  the  greater  part  of  the  country 
its  appearance  is  sporadic. 

The  most  widespread  of  the  diseases  among  animals,  the  one  Tubercu- 
which  occasions  the  greatest  loss,  is  that  of  tuberculosis,  and  ^°?f,°^ 
especially  tuberculosis  of  cattle.  However,  in  this  matter 
great  progress  has  been  made.  A  method  of  testing  animals 
by  tuberculin  has  been  discovered  which  will  determine 
whether  or  not  an  animal  has  the  disease.  This  was  the  first 
essential  step  in  controlling  it ;  for  when  once  this  determina- 
tion could  be  made  it  became  possible  for  a  man  to  be  cer- 
tain that  his  own  herd  was  free  from  the  disease,  and  it  was 
possible  for  him  to  put  only  animals  into  his  herd  which  had 
been  tested  and  thus  keep  it  free  from  taint.  Many  states 
already  have  laws  requiring  imported  animals  to  be  proved  to 
be  free  from  tuberculosis  by  testing.  In  order  to  confine  the 
infection  to  the  herds  in  which  it  exists,  we  need  only  to  have 
a  law  requiring  that  any  animal  which  passes  from  one  herd 
to  another  shall  successfully  pass  the  test,  for  tuberculosis. 
The  problem  of  eradication  of  tuberculosis  will  therefore  be 
reduced  to  handling  the  tainted  herds.  There  is  little  ques- 
tion that  in  a  number  of  states,  in  the  elimination  of  this 
disease  among  cattle,  we  are  further  advancedthan  we  are  in 
its  elimination  among  men.  It  is  probable  that  within  the 
next  score  of  years  the  ravages  of  bovine  tuberculosis  will  m 
the  more  progressive  states  be  practically  limited  to  isolated 
localities. 

Already  many  cities  have  adopted  ordinances  which  require   MUk  regu- 
that  only  milk  may  be  sold  which  comes  from  animals  free  from  ^**'°'^- 
tuberculosis.    When  all  of  the  cities  of  the  country  have  ordi- 
nances of  this  kind,  it  will  be  almost  necessary  for  men  who  are 
prominently  connected  with  the  dairy  industry  to  have  their 
herds  free  from  infection. 

It  is  admittedly  easier  to  handle  diseases  of  animals  than 
it  is  to  handle  diseases  of  man;  and  doubtless  we  shall  free 
animals  from  contagious  and  infectious  diseases  to  a  much 
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larger  extent  than  we  shall  man  within  the  next  ten  or  fifteen 
years.  It  will  not  be  more  than  fifty  years,  I  venture  to  say, 
when  all  the  diseases  mentioned  are  practically  extirpated 
from  all  the  progressive  states  so  far  as  animals  are  concerned. 
Unfortunately,  this  statement  cannot  be  made  with  the  same 
certainty  with  reference  to  man.  You  can  readily  see  that 
the  problem  is  much  more  difficult  in  the  latter  case,  because 
we  cannot  handle  human  beings  in  the  same  ruthless  way  that 
we  do  infected  animals. 


Excess  of 
water 
excludes  air. 


RECLAMATION   OF   WET   LAlfDS* 

The  area  of  the  arable  land  may  be  extended  in  two  ways : 
lands  deficient  in  water  may  be  irrigated;  lands  having  an 
excess  of  water  may  be  drained.  The  first  of  these,  because 
so  vitally  connected  with  water,  has  been  treated  in  connection 
with  that  subject  (see  pp.  185-207) ;  and  therefore  I  shall  at 
once  pass  to  the  lands  having  an  excess  of  water.* 

The  area  of  the  swamp  and  marsh  lands  of  the  United  States, 
according  to  the  Department  of  Agriculture,  is  79,005,023 
acres,  probably  4  per  cent  of  the  territory  of  the  country. 
It  has  already  been  shown  how  important  is  the  irrigation  of 
the  arid  land;  and  it  has  been  said  that  in  the  future  we  might 
possibly  reclaim  as  much  as  45,000,000  acres.  The  problem 
with  the  wet  lands  is  just  the  opposite  of  that  with  reference 
to  the  arid  lands.  In  the  arid  lands  the  difficulty  was  the  de- 
ficiency of  water;  in  swamp  and  marsh  land  the  trouble  is 
an  excess  of  water.  Where  water  is  in  excess  it  may  occupy 
all  of  the  pore  spaces  between  the  particles  of  soil  and  thus 
exclude  the  air  except  that  dissolved  in  the  water.  It  has 
already  been  pointed  out  that  for  plant  growth  both  water 
and  air  are  necessary.  The  amount  of  air  which  is  available 
under  conditions  of  water  saturation  is  too  small  for  ordinary 
plants.  Only  the  exceptional  ones,  adapted  to  the  peculiar 
conditions  of  deficiency  of  air,  will  grow. 

The  above  figures  show  that  the  area  of  swamp  and  marsh 


»  "Swamp  and  Overflowed  Lands,"  by  Robert  Follansbee  and  A,  C.  True, 
Report  National  Conservation  Commisaion,  VoL  III,  pp.  361-374. 
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land  is  nearly  double  the  area  of  the  reclaimable  arid  land,  state 
Under  laws  passed  in  1849  and  1850,  the  United  States  gov-  ^^^^ 
ernment  granted  the  swamp  lands  to  the  states.     Under  this 
grant  there  was  patented  to  the  states  to  June  30,  1909, 
66,554,804  acres.     This  land  is  so  located  in  many  states  Tidewater 
but  occurs  especially  in  those  which  have  tidewaters,  deltas,  ^°^  ^^^** 

,,,.,.  swamps. 

or  are  m  the  glacial  regions. 

The  southern  Atlantic  slope  and  the  Gulf  states  all  contain 
important  areas  of  swamp  either  tidewater  or  delta,  from 
Virginia  to  Texas.  Of  these  Florida  (18,560,000  acres), 
Mississippi  (6,173,000  acres),  Louisiana  (9,600,000  acres), 
and  Arkansas  (5,760,000  acres)  contain  vast  areas;  and  North 
Carolina,  South  Carolina,  Alabama,  Georgia,  and  Texas  each 
contain  more  than  from  1,000,000  to  2,400,000  acres  each. 
We  all  know  of  the  Great  Dismal  Swamp  of  North  Carolina 
and  Virginia  and  the  Everglades  of  Florida.  We  all  have 
heard  of  the  delta  swamps  of  Mississippi,  Louisiana,  and 
Arkansas. 

The  third  great  area  of  swamp  lands  is  that  covered  by  the  Glacial 
glacial  deposits,  and  especially  the  glacial  deposits  of  the  Wis-  s^^°^p^ 
consin  stage.  The  four  states  in  which  these  are  the  most 
extensive  are  Michigan  (4,400,000  acres),  Illinois  (2,688,000 
acres),  Minnesota  (4,500,000  acres),  and  Wisconsin  (2,500,000 
acres).  Other  states  containing  1,000,000  or  more  acres  of 
swamp  land  are  California,  Indiana,  and  Missouri. 

The  total  area  of  the  swamp  lands  of  the  United  States  is 
equal  to  that  of  the  United  Kingdom  (England,  Scotland, 
Ireland,  and  Wales) ;  or,  putting  it  another  way,  the  total  area 
of  this  land  is  equal  to  that  of  the  three  states  of  Ohio,  Indiana, 
and  lUinois. 

While  these  great  areas  of  swamp  lands  passed  by  the  United 
States  government  to  the  states  as  a  gift  without  cost  to  the 
state,  they  have  been  largely  disposed  of,  so  that  at  the  pres- 
ent time  probably  95  per  cent  of  them  are  in  private  hands. 
There  are  a  few  states  that  still  own  considerable  holdings  of 
swamp  lands.  Among  these  are  Florida  with  2,640,000  acres 
and  Minnesota  with  2,500,000  acres. 

Practically  all  of  this  swamp  land  can  be  reclaimed.    The 
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cost  of  such  reclamation  varies  greatly,  depending  upon  the 
processes  which  are  required.  In  many  cases  it  is  only  neces- 
sary to  cut  ditches  and  straighten  out  streams,  and  thus  by 
surface  work  drain  them.  In  such  cases  the  cost  per  acre 
is  usually  not  to  exceed  $4  or  $5.  In  other  cases  the  land 
must  be  tile-drained,  and  in  such  cases  the  cost  runs  from 
$6  to  $20  an  acre,  and  exceptionally,  as  with  very  heavy  clay 
lands,  even  higher. 

While  much  of  the  land  may  be  reclaimed  merely  by  ditches 
or  tile  drainage,  or  both,  in  other  areas  it  will  be  necessary, 
in  addition,  to  follow  the  Holland  method  of  building  dikes, 
and  pumping  over  them  the  water  brought  by  the  ditches 
and  tiles  to  central  points.  Two  fifths  of  Holland  lies  not 
more  than  three  feet  above  mean  tide,  or  actually  below  sea 
level.  These  lands  have  a  very  high  value.  Experiments 
have  shown  the  economic  practicability  of  the  Holland  plan 
in  this  country.  An  area  thus  reclaimed  at  the  University 
of  Wisconsin  at  the  present  time  is  one  of  the  best  producing 
fields  of  the  farm.  In  the  near  future  there  will  be  large  ex- 
tensions of  the  Holland  method  of  draining. 


COOPERATION   IN   DRAINAGE 


Co5peration 
in  drainage. 


It  has  been  said  that  95  per  cent  of  the  swamp  lands 
privately  owned.  This  being  the  case  and  the  drainage  of  a 
given  tract  requiring  definite  plans  for  the  entire  area,  it  is 
necessary  that  the  different  owners  cooperate.  This  has 
been  accomplished  in  many  states  by  laws  authorizing  drain- 
age districts.  The  laws  vary  in  the  different  states.  Illinois 
has  passed  a  wise  law  which  has  been  followed  by  several 
states.  In  that  state,  after  organizing  a  drainage  district  an 
estimate  is  made  as  to  necessary  expenditure.  Bonds  are 
issued  which  are  a  mortgage  upon  the  land,  and  these  bonds 
are  paid  through  a  series  of  years  (frequently  20  or  25)  after 
the  drainage  is  accomplished.  In  Wisconsin  the  cost  of  drain- 
age may  be  paid  for  by  the  farmer  at  the  time  the  improve- 
ment is  made. 
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THE   GAINS   FROM   DRAINAGE 

What  gains  may  be  expected  by  reclaiming  wet  lands? 

In  the  first  place  there  will  be  a  great  increase  in  the  market 
value  of  the  land.  Wright^  estimates  this  increase  as  follows: 
He  places  the  value  of  the  land  after  having  been  drained  at 
from  $20  an  acre  to  $100  an  acre;  and  in  some  cases,  when 
the  lands  are  near  cities,  it  may  be  even  as  high  as  $400  or 
$500.  He  thinks  that  77,000,000  acres  may  be  drained,  and 
when  this  is  done  that  the  land  will  have  an  average  value  of 
$60  an  acre,  or  $4,620,000,000.  The  present  average  value 
of  this  land  he  places  at  $8  an  acre,  and  the  average  cost  of 
the  draining  at  $5  an  acre,  making  altogether  $1,771,000,000. 
Thus  by  drainage  the  increase  in  the  value  of  the  77,000,000 
acres  of  land  is  $2,849,000,000. 

A  closer  estimate  has  been  made  in  the  case  of  Wisconsin 
by  Whitson  and  Jones.^  In  that  state  they  estimate  that 
there  are  7,360,000  acres  which  should  be  drained.  Of  this 
one  third  is  so  wet  as  to  be  almost  useless  and  two  thirds 
gives  no  more  than  half  an  average  crop.  They  estimate 
the  cost  of  drainage  at  $66,750,000,  and  the  net  gain  above 
the  cost  of  drainage  at  $114,000,000. 

Second,  the  lands  before  drainage  are  nearly  worthless.  Increased 
being  only  available  for  marsh  hay  or  grazing;  after  drainage  ^^^^ 
they  are  available  for  valuable  crops.     The  land  drained  and  arainage. 
reclaimed  will  yield  annually  a  crop  varying  in  value  from 
$10  an  acre  to  $100  an  acre  or  more,  depending  upon  the  loca- 
tion and  the  character  of  the  crop.    This  becomes  an  addi- 
tional source  of  wealth  to  the  nation  each  year.     If  the  yield 
were  estimated  at  $10  an  acre  only  above  its  yield  before 
drainage,  on  the  77,000,000  acres  reclaimable   this   would 
be  an  increase  in  the  annual  income  to  the  people  of  the 
nation  of  $770,000,000. 

Third,  by  the  drainage  of  wet  lands  the  health  of  the  com-  Drainage 
munity  will  be  greatly  improved.     As  you  know,  in  the  South  ^^^^j^ 

1  Swamp  and  Overflowed  Land  in  the  United  States,  by  J.  O.  Wright, 
U.  S.  Dept.  of  Agr.  Circular  76,  1907,  p.  10. 

2  Drainage  ConditioniS  in  Wisconsin,  by  A.  R.  Whitson  and  E.  R.  Jones, 
University  of  Wisconsin  Agr.  Exp.  Station,  Bull.  No.  146,  1907,  p.  46. 
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and  in  certain  parts  of  the  East,  malaria  is  severe  and  wide- 
spread. It  is  now  knowTi  tinat  malaria  is  transmitted  from 
one  human  being  to  another  through  a  certain  genus  of  mos- 
quito (anopheles).  The  reduction  in  the  number  of  mos- 
quitos,  and  especially  the  malarial  mosquito,  will  be  of  inesti- 
mable importance  to  the  nation  in  the  matter  of  health. 
Howard  estimates  the  loss  due  to  malaria  in  the  United  States 
at  not  less  than  $100,000,000  per  annum.*  When  swamps 
and  marshes  are  reclaimed  this  amount  will  be  reduced  to  an 
insignificant  sum.  The  prevention  of  this  disease  alone  would 
more  than  justify  the  necessary  expenditure. 
Drainage  Fourth,  it  is  believed  at  a  very  moderate  estimate  that  the 

population,  drainage  of  the  swamp  and  marsh  lands  of  the  country  will 
furnish  food  for  at  least  10,000,000  people.  Holland  has  a 
population  of  over  5,000,000.  The  area  of  the  land  to  be 
drained  is  ten  times  the  entire  area  of  Holland.  Tlierefore 
in  the  future,  if  these  lands  are  as  densely  populated  as  are 
those  of  Holland,  they  will  maintain  a  population  of  50,000,000. 
This,  of  course,  will  not  be  in  the  near  future;  but  when  the 
country  is  fully  occupied,  a  century  or  two  hence,  it  is  certain 
that  the  number  of  people  who  occupy  the  lands  that  are  now 
swamps  and  marshes  will  be  of  this  order  of  magnitude. 

ADDITIONAL   IMPROVEMENTS   IN   AGRICULTURE 

Looking  toward  the  future,  what  additional  improvements 
in  agriculture  may  be  reasonably  expected  beyond  those 
already  considered? 
Yield  of  First  we  may  expect  greatly  increased  yields  of  the  crepe 

S*S)uWwi.  ^y  improving  the  seeds.  In  1909  the  yield  per  acre  of  com 
in  the  United  States  was  upon  an  average  25.5  bushels; 
the  yield  of  wheat  was  15.8;  the  yield  of  oats,  30.3;  the  yield 
of  barley,  24.3;  the  yield  of  rye,  16.1 ;  the  yield  of  buckwheat, 
20.9;  and  the  yield  of  cotton,  156.6  pounds.  There  is  no 
question  whatever  that  by  improving  the  seed  used,  and  proper 
methods  of  farming,  the  yield  of  com  may  be  increased  to 

*  "  Economic  Loss  of  the  People  through  Insects  that  Cany  Disease.  "  by 
L.  O.  Howard,  Report  National  Conservation  Commiaaion,  Vol.  Ill,  p.  756. 
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more  than  50  bushels  per  acre;  the  yield  of  wheat  may  be 
increased  to  at  least  30  bushels  per  acre;  and  the  yield  of 
oats  may  be  increased  to  50  bushels  an  acre,  as  may  also  that 
of  barley.  The  yield  of  cotton  may  be  twice  as  great.  In 
other  words,  it  is  certain  that  the  yield  of  all  these  great 
standard  crops  may  be  doubled. 

I  shall  give  illustrations  of  this.  In  Alabama  and  Missis- 
sippi the  amount  of  cotton  raised  on  the  demonstration  farms 
is  more  than  double  that  of  the  average  planter,  in  the 
former  state  being  in  one  case  428  pounds  as  compared 
with  169  pounds,  and  in  the  latter  445  as  compared  with 
228.  The  average  yield  of  rice  in  Arkansas  in  1898  was 
forty  bushels  per  acre,  whereas  the  Experiment  Station  has 
made  one  acre  yield  100  bushels. 

In  Kansas,  Professor  A.  M.  Ten  Eyck  of  the  department  Yield  of 
of  agronomy  has  done  a  large  amount  of  work  in  finding  S-^^^^g" 
varieties  of  wheat  adapted  to  that  state  and  improving  them 
in  reference  to  Kansas  conditions.  The  varieties  used  in- 
clude wheats  from  Russia,  Canada,  and  other  countries. 
At  the  agricultural  experiment  station,  of  the  better  varie- 
ties of  these  wheats,  there  were  produced  in  1909  from  46 
to  56  bushels  per  acre;  and  of  ten  varieties,  each  yielded 
more  than  50  bushels  per  acre.^  This  is  about  four  times 
the  average  yield  of  the  United  States. 

In  Wisconsin  the  average  yield  of  corn  for  the  past  five  Yield  in 
years,  including  the  season  of  1909,  has  been  about  35  Wisconsin, 
bushels,  whereas  600  men  belonging  to  the  Agricultural 
Experiment  Association,  scattered  over  the  state,  using  im- 
proved seed  furnished  by  the  Experiment  Station,  have  se- 
cured a  yield  of  59  bushels,  or  nearly  twice  as  much.  It  is 
to  be  remembered  that  in  this  comparison,  in  the  aver- 
age yield  of  35  bushels,  are  included  not  only  the  yields 
of  those  600  men,  but  all  others  who  are  using  improved  seed. 
On  a  30-acre  field  of  the  Experiment  Station  the  yield  in  one 
year  reached  93  bushels.    When  the  high-bred  seed  adapted 

1  "The  Need  for  Agricultural  Education,"  David  Y.  Thomas,  An.  Am. 
Ac.  Pol.  Soc.  Sci.,  Vol.  XXV,  pp.  152,  153. 

2  Kansas  State  Agricultural  College  Experiment  Station,  Circular  No.  3. 
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to  that  state  is  everywhere  used,  it  is  certain  that  the  yield 
of  corn  will  be  doubled  in  Wisconsin.  In  the  case  of  barley, 
the  yield  of  the  improved  varieties  which  have  been  developed 
in  Wisconsin  has  risen  to  fully  50  bushels  per  acre,  or  twice  the 
average  of  the  United  States,  and  in  some  cases  pedigreed 
barley  in  1909  gave  as  high  as  70  bushels  per  acre. 
The  Second,  the  value  of  the  farm  products  may  be  very  greatly 

°f^^f^f°^  increased  by  the  introduction  of  new  varieties  of  crops  which 
have  been  developed  in  other  parts  of  the  country  or  of  the 
world.  This  principle  is  very  well  illustrated  by  alfalfa. 
While  this  crop  in  colonial  times  was  brought  directly 
from  Europe  to  the  eastern  part  of  the  United  States, 
it  did  not  thus  gain  a  foothold  in  this  country.  Alfalfa 
was  a  Persian  crop  which  in  an  ancient  invasion  of  Greece 
was  carried  into  that  country;  from  Greece  it  went  to 
Spain;  from  that  country  it  was  carried  into  Mexico  and  Peru 
by  Cortez  and  Pizarro.  From  the  former  country  alfalfa 
spread  gradually  to  the  arid  lands  of  the  West,  and  was  sup- 
posed to  be  adapted  only  to  such  regions.  Recently,  after 
having  been  in  America  for  hundreds  of  years,  it  has  been 
tried  in  the  Upper  Mississippi  Valley  with  remarkable  results. 
For  this  region  the  standard  hay  crop  was  clover  and  timothy, 
or  some  mixture  of  them.  However,  it  has  been  demon- 
strated conclusively  by  a  large  number  of  cases  that  alfalfa 
may  be  substituted  for  timothy  and  clover,  with  a  yield  for 
Wisconsin  of  about  4  tons  of  hay  per  acre  as  compared  with 
2  J  tons  for  clover  and  timothy.  Also,  the  crop  is  a  more 
valuable  one.  Two  tons  of  alfalfa  contain  as  much  nutri- 
ment as  three  tons  of  mixed  clover  and  timothy.  By  the  sub- 
stitution for  them  of  alfalfa,  we  gain  not  only  a  more  valuable 
product  but  a  much  larger  amount  of  that  product.  And  in 
this  connection  too,  it  is  to  be  said  that  alfalfa  is  one  of  those 
leguminous  plants  which  very  greatly  increases  the  amoimt 
of  nitrogen  in  the  soil,  —  is  even  more  effective  in  this  respect 
than  clover. 
The  Similarly  in  recent  years  the  soybean  has  been  introduced 

^^     "•        into  this  country  from  China  and  Japan.     It  is  found  to  be 
very  well  adapted  to  it,  and  like  alfalfa  it  is  one  of  the  plants 
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which  abstract  nitrogen  from  the  air.  Moreover,  it  will  grow 
upon  the  poor,  sandy  soils,  and  thus  is  adapted  to  regions 
which  would  not  otherwise  be  productive.  This  bean  con- 
tains 36  to  45  per  cent  of  proteids,  and  thus  furnishes  the  very 
highest  grade  of  grain  feed,  being  equivalent  to  oil  meal. 

Not  so  many  years  ago  the  sugar  beet  was  brought  into  this  The  sugar 
country  from  Germany  and  France.     Now  Kansas,  Colorado,  ^^*- 
Nebraska,  and  California  are  great  producers  of  sugar  from 
beets;  and  this  crop  is  extending  its  area  in  Michigan,  Wis- 
consin, and  other  states. 

The  South  has  especially  suffered  from  adhering  to  a  very 
small  variety  of  crops;  indeed,  this  has  been  called  ''the  one- 
crop  country,'^  cotton  being  the  main  reUance  of  the  planter 
for  money,  and  corn  the  chief  second  crop.  This  region,  ac- 
cording to  Tracy,  is  adapted  to  a  great  variety  of  crops;  among 
these  he  mentions  wheat,  oats,  vetch,  artichoke,  rape,  alfalfa, 
red  clover,  sorghum,  cowpeas,  sweet  potatoes,  soybeans,  pea- 
nuts, and  chufus.^ 

•Many  other  illustrations  could  be  given  to  show  how  im- 
portant with  reference  to  our  agricultural  products  is  the 
looking  for  new  varieties  of  crops  in  all  parts  of  the  world 
adapted  to  the  various  districts  of  this  country. 

Third,  not  only  can  new  varieties  of  crops  be  produced,  but  The  navel 
new  varieties  of  fruits.     One  of  the  most  striking  examples  is  °^^^s^* 
the  navel  orange,  which  was  developed  in  southern  Califor- 
nia, as  a  mutation  apparently,  and  now  has  become  the  stand- 
ard orange  which  is  grown  in  the  state. 

Only  a  few  years  ago  the  grapefruit  was  a  curiosity  not  used  The 
at  all  as  a  fruit.     Now  it  has  become  one  of  the  important  ^^f" 
fruits  of  the  country,  being  demanded  in  ever  increasing 
amount;  indeed,  the  demand  so  far  exceeds  the  supply  that 
the  prices  as  yet  for  this  fruit  are  very  high. 

These  are  but  two  illustrations.  If  a  professor  of  horti- 
culture were  giving  these  lectures,  he  could  tell  of  a  hundred 
important  improvements  which  have  been  made  in  the  fruits 
of  the  country,  both  with  reference  to  yields  and  with  reference 
to  adaptation  to  environment. 

1  "New  Farm  Crops  for  the  South,"  S.  M.  Tracy,  An.  Am.  Ac.  Pol.  and 
Soc.  Sci.,  Vol.  XXXV,  pp.  52-59. 
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Fourth,  Armsby  points  out  that  the  great  demand  made 
upon  food  is  as  a  source  of  energy.  The  food  of  man  is  the 
fuel  which  keeps  him  warm ;  a  minor  part  only  goes  to  growth, 
to  muscular  effort,  to  brain  work.  Of  the  products  of  the  soil 
only  a  small  proportion  are  adapted  to  man.  He  may  eat 
grain,  but  he  cannot  digest  forage.  At  the  present  time  great 
quantities  of  grain  are  fed  to  animals,  only  a  small  proportion 
of  the  digestible  material  of  which  is  recovered  in  meat,  —  Jor- 
dan says  2|  per  cent  in  the  case  of  beef  and  15  j  per  cent  for 
pork.  When  in  the  future  the  pressure  of  population  is  felt, 
it  will  be  necessary  to  reserve  for  man  the  products  of  the 
soil  which  may  feed  him  directly.  Meat  must  be  mainly  pro- 
duced from  the  by-products  of  the  soil,  —  the  stalks  of  com, 
the  straw  of  grain,  clover,  alfalfa,  etc.  It  will  be  for  the 
future  to  develop  crops  which  will  give  the  largest  proportion 
of  food  directly  for  man  and  a  large  proportion  of  by- 
products to  feed  animals  in  order  to  furnish  meat  and  dairy 
products.* 

TOTAL   INCREASE   IN   VALUE   OF  FARM   PRODUCTS 

,  According  to  the  Secretary  of  Agriculture  the  value  of  the 
agricultural  products  in  1909  was  18,760,000,000.  Of  this 
vast  sum,  com  contributed  $1,720,000,000;  cotton,  $850,000,- 
000;  wheat,  $725,000,000;  hay,  $665,000,000;  oats,  $400,- 
000,000;  potatoes,  $212,000,000;  and  tobacco,  $100,000,000. 
Each  of  the  remaining  crops  had  a  value  less  than  $100,000,000. 
If  the  value  of  the  products  in  1899  was  rated  at  100,  the 
value  of  the  1909  product  would  be  186,  an  increase  of  86 
per  cent  in  ten  years.^ 
Relation  However,  from  this  it  must  not  be  concluded  that  the  aver- 

^J^'^^*"**  age  yield  of  the  country  has  been  increased  86  per  cent,  be- 
cause this  value  has  been  due  in  large  part  to  an  extension  of 
the  area  which  has  been  under  cultivation,  and  also  in  large 
part  to  the  increased  price  of  farm  products;  hence  while  the 
increased  value  in  dollars  seems  enormous,  it  does  not  neces- 

»  "Food  Supply  of  the  Future,"  H.  P.  Annaby.  Science,  Vol.XXX,  No. 
780.  pp.  817-825. 

'  Report  of  the  Secretary  of  Agriculture,  1909,  pp.  9-10. 
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sarily  follow  that  if  we  consider  the  yields  per  acre  there  is  any 
considerable  improvement  (see  pp.  298-300). 

NEEDED  — A   GREAT   CAMPAIGN   OF  EDUCATION 

The  things  to  be  done  which  will  prevent  depletion  of  the  The  arraign- 
soil  have  been  pointed  out,  but  how  are  we  to  get  these  things  ™^°*  °f. 
accomplished?  This  is  a  vital  question.  It  will  be  indeed  a  generations, 
dreary  picture  that  the  people  of  succeeding  generations  will 
paint  of  us,  if  they  have  insufficient  food  and  clothing.  They 
will  charge  us  with  destroying  our  soil  through  erosion;  they 
will  charge  us  with  depleting  the  soil  in  the  essential  elements, 
and  particularly  the  crucial  element,  phosphorus,  by  sending 
the  crops  off  the  land,  by  waste  of  manure,  by  dumping  sew- 
age into  the  sea,  and  by  exploitive  farming.  It  will  be  a  heavy 
score  that  they  will  have  against  us.  They  will  find  small  ex- 
cuse for  us  except  ignorance.  This  excuse  will  be  available 
to  about  the  end  of  the  nineteenth  century.  But  knowledge 
now  exists  upon  which  to  base  better  methods;  and  if  we  con- 
tinue the  practices  of  the  past  they  will  not  only  charge  us 
with  ignorance,  but  with  criminal  profligacy. 

What  then  is  to  be  done  to  make  the  reforms  advocated  Education 
accomplished  facts?  The  answer  is  always  the  same.  It  is  *^®  remedy, 
necessary  that  there  shall  be  carried  on  a  great  campaign 
of  education,  which  shall  directly  or  indirectly  reach  every 
farmer  in  the  country.  The  agricultural  products  come  not 
from  a  single  concern  or  from  a  few  manufacturers,  but  from 
about  six  millions  of  producers;  and  each  one  of  these  pro- 
ducers is  independent  of  the  others.  Their  education  in  im- 
proved methods  is  indeed  an  enormous  task.  According  to 
Galloway,  at  least  three  fourths  of  these  men  are  at  the 
present  time  practicing  exploitive  farming,  i.e.  are  taking  froin 
the  land  more  than  they  put  back. 

Of  all  parts  of  the  country  the  South  has  been  the  greatest 
sufferer  from  exploitive  farming.  This  region  is  the  one  in 
which  the  campaign  of  education  will  be  most  difficult,  largely 
due  to  the  fact  that  the  negro  is  the  chief  agricultural  laborer, 
for  it  has  been  found  as  a  matter  of  experience  that  it  is  es- 
2a 
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pecially  difficult  to  induce  him  to  use  new  methods.  But  the 
work  of  the  industrial  schools,  such  as  that  at  Tuskegee,  shows 
that  the  negro  is  capable  of  making  great  progress;  it  shows 
that  with  sufficient  pains  the  negro  may  be  made  a  scientific 
agriculturalist.* 

It  is  believed  by  Poe  that  as  a  result  of  improving  and  de- 
veloping agricultural  education  in  the  South,  the  average  value 
of  the  crop,  which  in  the  South  Atlantic  states  is  now  about 
one  half  that  in  the  North  Atlantic  states,  and  which  in  the 
South  Central  states  is  about  one  half  that  in  the  North  Cen- 
tral states,  can  be  doubled,  and  thus  become  equal  to  the 
present  product  of  the  North.^ 

At  the  present  time  the  farmer  is  controlled  in  no  way  by 
public  sentiment.  Knowledge  must  be  carried  out  to  him 
before  such  control  can  become  eflfective.  With  knowledge 
will  come  a  sense  of  responsibility.  Whenever  knowledge  and 
pubUc  opinion  have  sufficiently  developed,  laws  may  be  en- 
acted to  restrain  the  reckless  and  lazy.  Wise  laws  in  reference 
to  many  of  the  reforms  in  agriculture  could  be  framed  at  the 
present  time;  but  it  is  useless  to  pass  a  law  until  public  senti- 
ment has  been  developed  sufficiently  to  enforce  that  law. 

This  is  well  illustrated  by  the  weed  nuisance.  At  the 
present  time  the  fields  are  suffering  from  the  Canada  thistle 
and  quack  grass.  It  was  only  twenty  or  thirty  years  ago  that 
these  were  rarities  in  the  upper  Mississippi  Valley;  now  large 
parts  of  this  area  are  infested  with  these  and  other  noxious 
plants,  so  that,  according  to  Stone,  on  many  160-acre  farms 
from  ten  to  forty  acres  are  practically  occupied  by  weeds. 

Many  of  the  states  have  laws  making  any  one  who  allows 
noxious  weeds  to  seed  upon  his  land  subject  to  fine,  with  pro- 
^visions  for  their  enforcement;  but  for  the  most  part  these  laws 
are  absolutely  ignored.  There  is  as  yet  no  sufficient  pubHc 
sentiment  in  reference  to  the  elimination  of  weeds  to  lead  to 
their  enforcement. 

»  "The  Negro's  Part  in  Southern  Development,"  Booker  T.  Washington, 
An.  Am.  Ac.  Pol.  and  Soc.  Sci..  Vol.  XXXV.  pp.  124-133. 

*"  Agricultural  Revolution  a  Necessity,"  Clarence  H.  Poe,  An.  Am.  Ac. 
Soc.  and  Pol.  Sci.,  Vol.  XXXV,  pp.  42-51;  "Agriculture  a  National  Aaaet," 
by  B.  T.  Galloway,  Report  National  Conservation  Commission,  Vd.  Ill, 
p.  144. 
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This  situation  drives  us  back  to  the  statement  that  it  is  Agricultural 
necessary  to  have  a  great  campaign  of  education  in  order  to  ^^^^f^^  *°<* 

•J  1      •    .       1  xi       •  .  .      ,  ,  schools. 

Widely  mtroduce  the  improvements  m  agricultural  practice 
necessary  to  preserve  the  fertility  of  the  soil.  This  campaign 
has  been  begun  in  many  of  the  states  of  the  Union.  In  an 
early  section  of  this  part,  I  spoke  of  the  Morrill  Act  of  1862, 
which  gave  to  each  of  the  states  an  apportionment  of  land  for 
the  establishment  of  agricultural  and  mechanical  colleges. 
This  law  led  to  the  dawn  of  scientific  agriculture  in  this  coun- 
try. At  the  present  time  in  almost  every  state  in  the  Union 
there  is  an  agricultural  college,  either  independent  or  con- 
nected with  a  state  university.  The  agricultural  college  in 
some  states  is  of  college  rank;  in  others  is  a  secondary  school; 
and  in  the  greater  number  of  states  combines  to  some  extent 
the  functions  of  each.  In  a  few  states  the  agricultural  college 
is  supplemented  by  county  secondary  schools  of  agriculture, 
as  in  Wisconsin,  where  at  the  present  time  there  are  five. 
In  other  states,  as  for  instance,  Georgia  and  Alabama,  there 
is  to  be  an  agricultural  school  in  each  Congressional  district. 
In  Minnesota  there  is  an  agricultural  high  school  in  connec- 
tion with  the  university.  However,  this  is  but  the  beginning. 
There  must  be  agricultural  education  not  only  in  the  college 
and  the  secondary  schools  but  in  the  rural  schools,  so  that 
every  country  boy  may  learn  the  fundamental  principles  of 
agriculture  so  necessary  for  the  conservation  of  the  soil. 

Naturally  in  this  campaign  of  agricultural  education  the 
colleges  have  taken  the  leadership.  Their  work  has  been 
along  three  lines. 

First,  the  agricultural  colleges  with  the  accompanying  ex-  Agricultural 
periment  stations  are  the  centers  in  which  new  knowledge  is  investiga- 
ascertained,  in  which  the  scientific  investigations  are  made  to 
solve  the  various  problems  confronting  the  agriculturalist, 
whether  it  be  to  improve  the  varieties  of  plants  and  animals 
or  to  remedy  a  defect  in  the  soil  or  to  eradicate  plant  and 
animal  diseases. 

Second,    the    colleges   of   agriculture    must    teach.    The  Agricultural 
students  thus  taught  will  become  teachers  of  agriculture  in  instruction, 
the  secondary  schools  and  their  pupils  will  become  teachers 


356    CONSERVATION  OF  NATURAL  RESOURCES 


Agricultural 
extension. 


The  appren- 
ticeship 
system. 


Agriculture 
an  applied 
science. 


of  agriculture  in  the  rural  schools.  Not  only  so,  but  each 
college  student  who  engages  in  the  art  of  agriculture  carries 
knowledge  directly  to  the  farmer  by  improved  practice;  each 
farm  controlled  by  a  man  taught  by  the  college  is  a  demon- 
stration farm  to  his  neighbors.  In  Wisconsin  the  graduates 
in  agriculture  have  organized  themselves  into  an  experimental 
association,  and  these  men,  some  1500  or  more  in  number, 
are  so  many  centers  of  dissemination  of  sound  agricultural 
practice. 

Third,  the  staff  of  the  agricultural  college  must  carry  knowl- 
edge directly  to  the  people  through  various  lines  of  extension, 
the  details  of  which  cannot  be  entered  into;  but  it  includes 
farmers  courses,  farmers  institutes,  farmers  short  courses, 
correspondence,  etc. 

Some  of  my  listeners  may  think  it  strange  that  I  so  strongly 
emphasize  the  subject  of  agricultural  education. 

But  a  few  years  ago  it  was  thought  that  agriculture  was  an 
art  in  which  education  had  no  part.  The  father  taught  the 
son  the  art  precisely  as  the  master  artisan  taught  to  his  ap- 
prentice his  trade.  The  apprenticeship  system  has  died  out, 
and  the  trade  is  now  beginning  to  be  learned  in  the  trade 
school.  Similarly  the  apprenticeship  system  in  agriculture 
fails,  in  that  it  stops  with  manual  training.  The  principles  of 
agriculture  must  be  taught  in  the  schools.  The  fatal  defect 
of  the  apprenticeship  system  in  agriculture  is  that  the  son  does 
not  advance  beyond  the  father.  The  school  has  available 
the  agricultural  knowledge  acquired  in  all  parts  of  the  world. 
The  imparting  of  that  knowledge  can  only  be  done  by  those 
whose  profession  is  teaching,  since  it  must  be  adapted  to  the 
local  conditions.  The  boy  must  be  made  capable  of  applying 
the  principles  of  agriculture  to  the  special  farm  products  in  the 
particular  area  in  which  he  may  live. 

Formerly  the  professions  of  doctor,  lawyer,  and  preacher 
comprised  the  learned  group.  There  are  now,  not  three 
learned  professions,  but  scores  of  them,  and  one  of  the  greatest 
is  agriculture.  Agriculture  is  a  complex  applied  science, 
built  upon  a  knowledge  of  pure  biology,  pure  physics,  and  pure 
chenMstry.    The  agriculturalist  must  apply  the  principles  of 
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botany  to  his  field  crops  and  to  his  fruits;  he  must  apply  the 
principles  of  zoology  in  connection  with  his  animals;  he  must 
apply  the  principles  of  physics  and  chemistry  to  the  soil;  he 
must  be  an  engineer  in  the  management  of  his  machinery. 

There  is  no  other  vocation  which  demands  a  wider  knowl- 
edge of  science  than  that  of  the  agriculturalist.  This  new 
situation  has  changed  the  attitude  of  mind  with  reference  to 
agriculture,  not  only  of  the  young  man  upon  the  farm,  but  of 
the  whole  commxmity.  Agriculture  used  to  be  regarded  as  a 
somewhat  inferior  vocation.  The  son  of  small  parts  remained 
upon  the  farm  and  his  larger-minded  brother  went  to  the  city. 
It  is  now  seen  that  he  who  stays  upon  the  farm  has  an  equal 
or  superior  opportunity  with  the  one  that  goes  to  the  town. 
What  has  caused  this  change  of  attitude?  When  agriculture 
was  an  art  in  which  manual  labor  was  the  main  requirement 
and  in  which  there  was  little  demand  for  the  exercise  of  brain, 
it  was  meanly  regarded;  now  that  it  has  become  a  complex 
appHed  science  in  which  there  is  a  daily  demand  upon  the  high- 
est intellectual  faculties,  and  at  the  same  time  the  heavy  work 
is  being  done  in  large  measure  by  machinery,  it  has  come 
to  be  highly  regarded.  The  broader  the  knowledge  of  the 
farmer,  the  more  certain  it  is  that  each  day  he  will  have  in  his 
mind  an  unsolved  problem  with  reference  to  some  imperfect 
practice  requiring  improvement.  The  center  of  gravity  of 
the  vocation  of  the  farmer  has  changed  from  that  of  manual 
effort  to  intellectual  effort;  and  hence  it  has  become  in- 
tensely interesting.  It  is  clear  that  the  vocation  of  the  farmer  Agriculture 
is  to  become  recognized  as  of  equal  importance  with  any  of  the  ^^^^^^^^0^ 
other  learned  professions.  In  proportion  as  the  vocation 
rises  in  dignity  there  will  be  multiplication  of  the  products  of 
the  land;  there  will  be  conservation  of  the  soils;  and  the  future 
needs  of  the  nation  will  be  protected. 

Of  all  the  problems  of  conservation,  the  most  difficult,  Education 
the  most  pressing,  is  to  get  the  necessary  knowledge  of  the 
applied  science  of  agriculture  to  the  six  million  farmers 
of  the  United  States.  James  J.  Hill  recently  said  that  5000 
teachers  of  agriculture  are  now  needed  in  this  country.  This 
number  should  be  at  work  in  each  of  the  great  agriculture 
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states.  Within  the  next  twenty-five  years  there  will  be,  I 
am  confident,  tens  of  thousands  of  teachers  of  agriculture  in 
the  colleges  and  secondary  and  rural  schools,  disseminating 
the  principles  of  this  science  to  the  millions  of  boys  who  will 
practice  this  profession. 

Says  James  J.  Hill:  "This  country  cannot  feed  the  popula- 
tion which  it  must  necessarily  have  within  comparatively 
few  years  if  it  does  not  change  its  agricuUural  methods^  *  If 
this  change  comes  it  must  be  because  of  the  absorption  by 
the  millions  of  the  modem  scientific  methods  of  agriculture. 
Some  of  you  smile,  I  see,  at  the  emphasis  which  I  place  upon 
agricultural  education;  but  the  people  of  a  thousand  years 
hence  will  not  smile  at  the  efforts  now  being  made  to  expand 
such  education,  if  in  consequence  there  be  retained  in  this 
country  a  fertile  soil  producing  abundantly  so  that  the  people 
of  that  generation  do  not  go  hungry. 

1  Address  by  James  J.  Hill  at  the  National  Corn  Ezpoaitioo,  Omaha, 
Neb.,  Dec.  9,  1909. 


PART  V 

CONSERVATION  AND  MANKIND 

rr  this  closing  lecture  I  shall  give  a  summary  of  the  prin- 
ciples of  conservation  of  the  natural  resources  and  con- 
sider their  relation  to  mankind. 

THE  PRINCIPLES  OF  CONSERVATION 

The  principles  of  conservation  are  different  as  applied  to 
the  different  resources. 

Coal,  peat,  oil,  and  gas  are  limited  in  amount.  Their 
process  of  manufacture  is  so  slow  as  to  be  negligible.  When 
extracted  from  the  earth,  they  must  be  used,  if  not  at  once, 
within  a  short  time,  and  when  so  used  are  gone  forever. 
Therefore  the  principles  of  conservation  applicable  to  them 
are  as  follows :  — 

In  reference  to  coal,  reduce  the  waste  in  mining  and  in  use.  Conserva- 
The  waste  in  mining,  now  50  per  cent,  should  be  reduced  to  25  *^°^  °{ 
or  10  per  cent;  beehive  ovens  should  be  abolished;  the  smok-  and  gas! 
ing  chimney  should  be  condemned  as  a  nuisance;  the  gas 
engine  should  be  substituted  for  the  steam  engine.  So  far 
as  practicable,  substitutes  should  be  used  for  coal;  and  of 
these  that  of  developing  power  by  water  instead  of  coal  is 
the  most  important.  Even  if  all  possible  economies  and  sub- 
stitutes are  introduced,  the  most  sanguine  cannot  hope  that 
the  supply  of  fuels  will  be  sufficient  to  meet  the  needs  of  the 
people  for  more  than  a  small  fraction  of  the  time  we  look  for- 
ward to  as  the  life  of  this  nation.  In  reference  to  oil,  so  far  as 
practicable  it  should  be  saved  for  the  higher  uses;  these 
are  for  light  and  lubricant;  only  those  oils  not  adapted  to 
these  purposes  should  be  used  for  fuel.  Exportation  of  oil 
should  be  prohibited.     New  wells  should  be  opened  up  only 
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as  fast  as  necessary  to  meet  the  needs  under  the  above  prin- 
ciples. In  reference  to  natural  gas,  the  great  and  pressing 
necessity  is  to  stop  its  appalling  waste  by  enacting  and  en- 
forcing proper  legislation.  This  ideal  fuel  should  be  used 
with  the  severest  economy  in  order  to  prolong  its  life,  which 
will  be  brief  at  best. 

The  metals,  like  coal,  are  absolutely  limited  in  amount. 
Their  quantity  cannot  be  added  to  by  any  effort  of  man; 
but  unlike  coal,  when  extracted  from  the  earth  and  reduced 
to  metallic  form,  they  may  be  used  again  and  again.  The 
principles  applicable  to  the  metals  are  as  follows:  — 

First,  reduce  to  a  minimum  the  waste  in  mining  and  ex- 
tracting. At  the  present  time,  for  certain  of  the  metals  these 
wastes  are  extraordinarily  high,  especially  for  lead  and  zinc. 
In  many  cases  by  proper  practice  these  loeses  may  be  reduced 
to  one  half  or  even  one  third  their  present  amounts.  Second, 
the  metals  should  not  be  used  for  purposes  such  as  destroy 
them  by  a  single  use,  as  is  the  case  with  lead  and  zinc  when 
made  into  paint.  Third,  the  metals  should  not  be  used  in 
such  a  way  as  rapidly  to  deteriorate,  as  is  the  case  when 
iron  without  a  protective  covering  is  exposed  to  the  weather. 
At  best  the  supply  of  metals  is  so  limited  that  we  cannot  expect 
the  amounts  available  will  be  sufficient  to  meet  the  needs  of 
the  vast  numbers  of  people  through  thousands  of  years  to 
come. 

With  water,  the  principles  of  conservation  are  different 
from  those  of  coal  and  the  metals.  Each  year,  a  vast  quan- 
tity of  water,  through  the  power  of  the  sun,  is  taken  from  the 
sea  and  added  to  the  land  supply.  A  roughly  equivalent 
amount  flows  from  the  land  to  the  sea.  The  water  is  ever 
in  circulation,  passing  from  the  ocean  to  the  land  and  from 
the  land  to  the  sea.  The  problem  of  the  conservation  of  the 
moving  water  is  therefore  its  complete  utilization  —  and  that 
for  domestic  purposes,  for  water  power,  for  navigation,  and 
for  irrigation.  Its  use  for  one  of  these  purposes  does  not 
exclude  its  use  for  others.  Thus,  water  which  is  used  for 
domestic  purposes  may  be  used  for  irrigation ;  indeed  this  use 
is  most  advisable  for  such  water,  because  of  its  fertilizing 
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contents.  Water  used  for  power  may  be  used  for  domestic 
purposes,  for  navigation,  or  for  irrigation.  Water  used  for 
navigation  may  be  later  used  for  domestic  purposes,  for  water 
power,  or  for  irrigation.  Water  used  for  irrigation  is  in  part 
evaporated,  but  in  part  goes  back  to  the  stream  and  may 
be  again  used  for  other  purposes. 

The  forests  are  unlike  fuels  and  minerals  in  that  they  may  Renew 
be  renewed,  but  slowly.  To  renew  a  forest  takes  from  50  to  Jor^*»  " 
100  years,  and  for  some  classes  of  forests  an  even  longer  time.  used. 
The  principle  of  conservation  in  reference  to  the  forests  is 
that  we  may  use  them,  but  not  more  freely  than  they  can 
be  renewed.  This  is  the  measure  of  their  wisest  consump- 
tion. To  the  present  time  we  have  been  using  the  forests 
much  more  rapidly  than  they  have  been  produced.  In  order 
to  secure  this  balance  we  must  reduce  fire  losses;  we  must 
reduce  the  great  waste ;  so  far  as  possible  we  must  utilize  by- 
products; we  must  substitute  cement  and  stone  and  brick 
for  wood.  Finally,  we  must  increase  the  growth  of  the  forests. 
This  may  be  done  by  reforesting  denuded  areas  better  adapted 
to  the  growth  of  wood  than  to  agriculture,  and  by  improving 
existing  forests.  If  the  forests  are  maintained  at  their  present 
area,  in  the  United  States,  or  even  at  a  somewhat  reduced 
area,  there  is  every  reason  to  believe  that  by  the  reduction  of 
losses  and  waste,  and  by  increasing  the  growth,  we  may  secure 
the  necessary  balance  between  production  and  consumption. 

The  principles  of  soil  conservation  are  somewhat  like  those  Reduce 
of  the  forests.     The  soils  may  be  renewed  by  the  processes  ^°^^  * 
of  nature,  but  very  slowly;  indeed  probably  at  a  rate  not  to  soU 
exceed  one  inch  in  from  500  to  1000  years.     The  first  principle  °^^^^8* 
of  conservation  of  the  soils  is  not  to  allow  erosion  to  occur 
more  rapidly  than  it  is  manufactured.     The  second  principle 
is  not  to  deplete  the  soil  in  those  elements  limited  in  amount 
which  are  necessary  for  plant  food,  —  nitrogen,  potassium, 
and  phosphorus,  and  especially  phosphorus,  for  the  latter  is 
the  element  which  is  very  scanty  in  the  soil,  and  the  supplies 
of  which  are  extremely  limited.     Phosphorus  is  the  crucial 
element  in  soil  productivity.     The  conservation  of  the  soil 
is  the  greatest  of  all  the  problems  of  conservation;   because 


362    CONSERVATION   OF  NATURAL  RESOURCES 


Relation  of 
water  to 
other 
resources. 


upon  its  products  we  depend  for  food  and  clothing,  the  basal 
necessities  of  man. 

Conservation  is  not  a  simple  subject  which  can  be  treated 
with  reference  to  a  single  resource,  independently  of  the  others; 
it  is  an  interlocking  one.  The  conservation  of  one  resource 
is  related  to  that  of  another.  Thus  the  conservation  of  coal 
is  to  be  accomplished  in  a  large  measure  by  the  substitution  of 
water  as  a  source  of  power.  The  conservation  of  the  metals 
is  to  be  largely  accomplished  by  the  substitution  of  cement 
and  stone  and  brick  and  other  products. 

The  best  utilization  of  water  requires  the  maintenance  of  a 
uniform  flow  of  the  streams.  This  is  true  for  domestic  pur- 
poses, for  water  power,  for  navigation,  and  for  irrigation.  In 
order  to  get  a  uniform  flow  it  is  necessary  that  the  forests  be 
preserved  in  essential  areas,  especially  the  steep  slopes  of  the 
mountains  and  hills,  along  the  borders  of  the  streams,  and  on 
the  shifting  areas,  such  as  sand;  it  is  necessary  so  to  practice 
agriculture  that  a  large  part  of  the  precipitation  goes  under- 
ground. If  a  uniform  flow  be  maintained,  the  water  will  give 
a  vastly  increased  available  water  power;  it  will  inmiensely 
improve  navigation;  floods  and  flood  losses  will  be  reduced; 
the  erosion  of  the  land  will  be  diminished;  the  waters  will 
be  confined  to  their  banks,  and  they  will  render  available 
lands  which  are  now  inundated.  If  erosion  be  lessened,  the 
streams  will  be  kept  pure  for  domestic  and  other  purposes. 
The  increase  in  the  use  of  water  powers  will  enormously 
reduce  the  draft  upon  coal.  The  use  of  water  for  irriga- 
tion will  make  highly  fertile  extensive  areas  which  are 
otherwise  barren. 

Thus,  whatever  subject  we  begin  conservation  with,  before 
we  have  finished  we  pass  into  other  of  its  branches.  A 
complete  treatment  of  any  part  of  the  subject  in  all  of  its 
ramifications  of  necessity  repeats  a  portion  of  the  treatment 
of  another  part  of  the  subject. 

The  principles  of  conservation  above  enunciated  require 
for  their  practice  a  sense  of  social  responsibility  upon  the 
part  of  the  individual  and  corporation.  They  demand  a 
self-denial  which   cannot  be  expected  from  the  owners  of 
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private  property.  They  require  that  the  needs  of  mankind 
shall  be  placed  before  immediate  results.  Therefore  it  is 
too  much  to  expect  that  these  principles  will  be  generally 
practiced  except  as  they  are  embodied  into  law  and  the  law 
enforced  by  the  community. 

But  what  is  the  condition  of  the  law  ?  Is  it  such  that  these  The  law  and 
principles  of  conservation  if  placed  in  the  statutes  will  be  up- 
held by  the  courts.  The  decisions  of  the  highest  court  make 
it  clear  that  the  needs  of  our  descendants  may  be  protected. 
The  United  States  Supreme  Court  declares:  ''It  is  recognized 
that  the  state  as  a  quasi-soyereign  and  representative  of  the 
interests  of  the  pubhc  has  a  standing  in  court  to  protect  the 
atmosphere,  the  water,  and  the  forests  within  its  territory, 
irrespective  of  the  assent  or  dissent  of  the  private  owners  of 
the  land  most  immediately  concerned."  Again,  in  the  same 
decision:  ''We  are  of  the  opinion  further  that  the  constitu- 
tional power  of  the  state  to  insist  that  its  natural  advantages 
shall  remain  unimpaired  by  its  citizens  is  not  dependent  upon 
any  nice  estimate  of  the  extent  of  present  use  or  speculation 
as  to  future  needs."  Further:  "Rights  of  property,"  says 
Mr.  Justice  Shaw  in  the  case  of  Commonwealth  vs.  Tewksbury, 
"like  all  other  social  and  conventional  rights,  are  subject 
to  such  reasonable  limitation  in  that  enjoyment  as  shall 
prevent  them  from  being  injurious,  and  to  such  reasonable 
restraints  and  regulations  established  by  law,  as  the  legislature, 
under  the  governing  and  controlling  power  vested  in  it  by  the 
constitution,  may  think  necessary  and  expedient."  * 

THE  PURPOSE  OF  CONSERVATION 

What  is  the  purpose  of  conservation?  It  is  for  man. 
Its  purpose  is  to  keep  the  resources  of  the  world  in  sufficient 
abundance  so  that  man  may  have  a  happy,  fruitful  life,  free 
from  suffering  —  a  relatively  easy  physical  existence. 

The  chief  efforts  of  animal  life,  and  it  may  be  said  of  plant 
life  also,  to  the  present  time,  have  been  directed  toward  secur- 

1 "  Conservation  of  Our  Natural  Resources  and  of  Our  National  Strength 
and  Virility,"  A.  A.  Bruce,  Pennsylvania  Law  Review,  Vol.  68,  pp.  155,  15G, 
159. 
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Subsistence  ing  subsistence.  It  makes  no  difference  which  animal  in 
*roWem^  a  wild  state  we  select,  —  it  may  be  the  swallow  flying  in  the 
of  men.  air  by  day,  or  the  bat  by  night;  it  may  be  the  lion  in  the 
jungle,  —  the  paramount  problem  is  subsistence.  The  same  is 
true  of  man  to  the  present  moment.  The  great  problem 
which  confronts  more  than  nine  tenths  of  the  human  race 
to-day  is  that  of  securing  food.  This  does  not  apply  simply 
to  densely  populated  countries,  such  as  India  and  China;  it 
applies  to  the  larger  number  of  people  in  the  United  States 
and  Europe.  It  is  the  aim  of  conservation  to  reduce  the  in- 
tensity of  struggle  for  existence,  to  make  the  situation  more 
favorable,  to  reduce  mere  subsistence  to  a  subordinate  place, 
and  thus  give  an  opportunity  for  development  to  a  higher 
intellectual  and  spiritual  level. 

THE  CONSERVATION  OF  MAN  HIMSELF 

But  if  the  conservation  of  the  natural  resources  is  for  man,  it 
is  an  obvious  suggestion  that  man  himself  should  be  conserved. 
This  opens  up  an  enormously  complex  subject  which  cannot  by 
any  possibility  be  gone  into  in  detail  in  this  closing  lecture. 
The  conservation  of  man  is  one  of  the  main  purposes  of  gov- 
ernment, of  remedial  lejpslation,  of  innumerable  organiza- 
tions, philanthropic  and  otherwise.  The  science  of  medicine, 
political  economy,  politics,  and  sociology  are  largely  directed 
to  this  end. 

The  problem  of  the  conservation  of    mankind   involves 

the  lengthening  of  human  life  and  increasing  its  healthful- 

ness.*     I  can  only  speak  very  briefly  upon  one  or  two  aspects 

of  the  subject. 

Lengthen-         At  the  present  time  in  Sweden  the  average  length  of  life 

ing  of  hu-      jg  52 J  years;  in  India  it  is  23i  years,  or  less  than  one  half  as 

man  me.  »  .j  i 

long.  The  averages  in  other  countries  fall  between  these 
extremes.  In  Massachusetts,  the  average  length  of  life  at 
the  present  time  is  45.35  years.  In  Geneva,  in  the  sixteenth 
century,  the  average  length  of  life  was  21.2  years.     It  is  safe 

1  The  data  for  this  part  of  the  subject  are  largely  taken  from  a  Report  of 
National  Vitality,  by  Irving  Fisher,  Report  National  Commiasion,  Vol.  Ill, 

pp.  620-751. 
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to  say  that  from  the  sixteenth  century  to  the  end  of  the  nine- 
teenth century,  the  length  of  life  of  the  people  of  enlightened 
nations  has  doubled.  In  New  Hampshire,  in  1789,  the  average 
length  of  life  was  35;  in  1855,  40;  in  the  last  decade  of  the 
nineteenth  century,  45;  the  period  has  been  lengthened  by 
ten  years  in  little  more  than  a  century.  It  is  certain  that 
the  average  himian  life  can  be  still  further  lengthened. 

The  greatest  of  the  influences  which  has  led  to  the  pro-  The  rise  of 
longation  of  life  is  the  rise  of  modern  scientific  medicine,  scientific 
and  especially  the  study  of  microscopic  animal  parasites. 
Pasteur  and  Koch,  some  fifty  years  ago,  were  isolating,  culti- 
vating, and  studying  with  the  compound  microscopes  the 
minute  forms  of  life.  If  at  that  time  any  one  had  wished  to 
pick  out  men  of  science  about  whom  to  be  derisive,  what  better 
representatives  could  he  have  found  than  these  men  looking 
at  objects  so  small  that  the  naked  eye  could  not  see  them? 
And  yet,  out  of  the  work  of  these  and  other  men  similarly 
engaged  have  come  the  most  beneficent  gifts  that  mortal 
man  has  bestowed  upon  his  fellow-men.  Their  discoveries 
are  the  foundation  of  a  most  important  aspect  of  modern  scien- 
tific medicine.  For  their  work  animal  experimentation  was 
of  fundamental  necessity.  From  it  untold  blessings  in  the 
saving  of  suffering  from  diseases  have  been  bestowed  not  only 
upon  man  but  upon  the  useful  animals. 

By  Bardeen,^  I  am  informed  that  the  diseases  which  afflict  Diseases' 
mankind  maybe  roughly  divided  into  two  classes — constitu-  ^^^^^^^^^ 
tional  and  parasitic.     He  says  constitutional  diseases  are  due  parasitic, 
to  defects  in  the  human  mechanism  and  may  be  inherited  or 
may  be  acquired  through  adverse  conditions  to  which  the  body 
is  subjected,  such  as  poor,  insufficient,  or  improper  food  and 
drinks,  bad  air,  dust,  extreme  dampness  and  cold,  and  ex- 
posure to  various  poisons  as  in  many  trades  (painters'  colic). 
Parasitic  diseases  are  due  to  the  growth  in  the  body  of  micro- 
organisms, which  feed  upon  its  fluids  and   tissues  and  at 
the  same  time  give  off  poisonous  substances.     The  normal 
body  has  considerable  power  of  resistance  to  the  invasion 

1  From  information  furnished  by  Dean  Charles  R.  Bardeen  of  the  Uni- 
versity of  Wisconsin  Medical  School. 
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of  most  of  the  parasites  which  cause  disease;  but  when  the 
constitution  is  weakened,  as  by  the  excessive  use  of  alcohol, 
the  resistance_to  parasitic  invasion  becomes  less  marked; 
also  the  toxins  produced  by  the  microorganisms  cause  more 
or  less  permanent  constitutional  damage.  In  many  instances 
it  is  at  present  imiwssible  to  determine  whether  a  disease  is 
primarily  constitutional  or  parasitic. 

For  the  conservation  of  man,  therefore,  the  problem  on 
the  one  hand  is  to  take  such  steps  as  will  best  promote  the 
development,  preservation,  and  inheritance  of  sound  and 
healthy  bodies;  and  on  the  other  to  restrict,  destroy,  or 
weaken  those  parasites  which  now  have  the  power  of  invading 
the  body  and  giving  rise  to  disease.  In  agriculture  the  aim 
is  to  improve  the  soil  so  that  the  crops  will  grow  abundantly; 
m  hygiene  and  medicine  the  aim  is  to  improve  the  himian 
body  so  that  the  organisms  of  disease  cannot  grow  upon  it. 
In  agriculture  the  aim  is  to  improve  the  breeding  power  of 
plants  so  that  they  will  produce  more  abundantly;  in  hygiene 
and  medicine  the  aim  is  to  weaken  the  breeds  of  disease  germs 
so  that  they  can  grow  but  feebly,  if  thoy  find  lodgment  in 
the  body. 

The  control  of  several  of  the  most  serious  of  the  parasitic 
diseases  has  been  one  of  the  greatest  scientific  and  social  tri- 
umphs of  the  past  century.  First,  in  1796,  came  the  discov- 
ery of  vaccination  by  Jenner.  Previous  to  this  discovery, 
the  majority  of  people  had  smallpox  at  some  time  during 
life;  and  each  year  in  Elngland,  out  of  100,000  people,  300 
died  of  the  disease.  It  was  p>erhaps  a  more  serious  disease 
than  tuberculosis  is  to-day.  Jenner  found  that  by  inoculat- 
ing human  beings  with  cowpox  they  either  did  not  contract 
smallpox  or  had  it  in  a  mild  form.  The  soil  for  the  small- 
pox germ  was  rendered  infertile  by  the  action  of  the  cowpox 
germ;  or,  in  other  words,  in  reacting  so  as  to  destroy  the 
inoculatuig  cowpox  germ,  the  body  acquired  the  power  to 
prevent  the  invasion  of  the  smallpox  germ.  But  this  is  not 
all.  In  conmiunities  where  vaccination  is  practiced  the 
smallpox  germ  itself,  owing  to  lack  of  fertile  soil  for  growth, 
becomes  weakened.     In  Wisconsin,  where  there  is  unfortu- 
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nately  still  too  much  of  the  disease,  it  is,  as  a  rule,  mild  in 
type.  If  vaccination  were  discontinued,  it  probably  would 
soon  again  assume  its  destructive  forms. 

Personal  and  public  cleanliness  have  done  much  to  elimi-  cholera 
nate  some  parasitic  diseases.     Cholera  and  plague,  terrible  *^^ 
diseases  in  Europe  a  few  centuries  ago,  have  Httle  chance  now  of  ^  ^^^* 
obtaining  a  foothold  in  Europe  or  the  United  States  because 
of  the  increased  cleanliness  and  of  the  better  foods  and  lodg- 
ings  enjoyed   in   civilized   communities.     Furthermore,   the 
recent  discovery  that  rats  and  other  rodents  carry  the  plague, 
and  that  this  disease  is  transferred  from  rats  to  man  by  fleas, 
has  given  man  new  control  over  the  disease.     By  isolating 
victims  of  the  plague  and  destroying  rodents,  the  disease  can 
readily  be  controlled.     Cholera  has  been  discovered  to  be  a 
water-borne  disease,  so  that  this  too  can  be  controlled  through 
the  water  supply. 

Diphtheria  before  1890  was  a  word  of  terror  to  the  parent.  Diphtheria. 
Many  a  time  have  I  seen  the  cheek  of  a  mother  whiten  at  its 
mention.  The  death  rate  used  to  be  from  20  to  40  per  cent. 
Through  a  series  of  brilliant  experiments  on  animals,  anti- 
toxin was  discovered  by  Behring  and  others.  The  substances 
produced  in  the  blood  of  a  horse  to  overcome  the  toxin  of  the 
diphtheria  germ  are  here  utilized  for  the  same  purpose  in  the 
human  body.  The  death  rate  has  been  reduced  to  less  than 
5  per  cent. 

Typhoid  fever,  which  used  again  and  again  to  take  people  Typhoid 
by  the  thousands  at  centers  of  infection,  has  been  practically  ^^^^^' 
eliminated  in  all  cities  where  the  water  is  pure  and  proper 
sanitary  regulations  are  enforced.  The  annual  rate  per  hun- 
dred thousand  for  the  country  as  a  whole  from  1890  to  1906 
has  decreased  from  46.3  to  32.1,  a  decline  of  50  per  cent. 
Typhoid  fever  may  be  reduced  to  the  same  situation  as  small- 
pox, if  not  completely  eliminated. 

That  yellow  fever  is  transmitted  from  one  person  to  another  YeUow 
by  mosquitoes  was  pointed  out  in  1890  by  Finley,  and  in  1900  ^®^^^- 
was  definitely  proved  by  Walter  Reed  and  his  colleagues,*  one 

1"  Walter  Reed   and   Yellow  Fever,"  by  Howard  A.  Kelly:  McClure, 
Phillips  &  Co.,  pp.  80-201. 
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of  whom,  Dr.  Jesse  W.  Lazear,  contracted  the  disease  and  lost 
his  life  in  the  experiments  which  were  necessary  for  the  proof. 
In  1905,  since  this  discovery,  there  has  been  one  scourge  of 
yellow  fever  in  New  Orleans  and  the  South;  but  that  is  the 
last  time  it  will  ever  gain  a  foothold  in  this  country.  Yellow 
fever  can  even  be  eliminated  in  tropical  countries  where  it  was 
supposed  to  be  endemic,  as  was  shown  by  the  American  occu- 
pation of  Cuba  in  1898.  For  the  eight  years  before,  the  an- 
nual death  rate  from  yellow  fever  at  Havana  was  550  per 
100,000.  The  first  she  years  of  the  present  century  the  death 
rate  was  3.2,  or  less  than  1  per  cent.  The  same  thing  is 
shown  by  the  existing  situation  at  the  Panama  Canal  zone. 

The  control  of  malaria,  similar  to  yellow  fever  in  its  method 
of  transmission,  has  already  been  spoken  of  in  connection 
with  swamps  (see  pp.  347-348). 

If  time  permitted,  we  might  go  through  the  list  of  the  more 
severe  parasitic  diseases,  and  show  how  rapid  the  progress  has 
been  toward  their  control,  and  still  further  show  where  prog- 
ress may  still  be  made.  As  illustrating  the  latter  may  be 
mentioned  tuberculosis.  This  remains  as  the  great  scourge 
which  at  the  present  time  in  this  country  destroys  more  people 
than  smallpox,  typhoid  fever,  diphtheria,  cancer,  diabetes, 
appendicitis,  and  meningitis,  combined.  The  death  rate  in 
1907  was  given  as  183.6  per  100,000.  It  is  estimated  that 
there  are  in  the  United  States  some  500,000  people  suffering 
from  this  disease.  However,  it  is  now  known  that  tubercu- 
losis is  a  preventable  and  curable  disease.  Already  many 
important  steps  have  been  taken  with  reference  to  its  reduc- 
tion and  final  control.  It  is  to  be  hoped  that  by  the  middle 
of  this  century  tuberculosis  will  be  in  the  same  situation  in 
this  country  as  is  smallpox. 

At  the  present  time,  next  to  tuberculosis,  the  most  serious 
of  controllable  diseases  are  those  disorders  of  digestion  in 
infants  which  play  so  large  a  part  in  destroying  human  life, 
especially  in  large  cities.  Better  public  control  of  the  milk 
supply,  better  education  of  mothers  concerning  the  feeding 
of  infants,  and  more  sanitary  houses  are  here  the  chief  factors 
to  be  relied  upon. 
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The  ridding  of  human  society  of  infectious  diseases  depends  Elimination 
upon  wise  and  efficient   public   health   departments,   upon  %^^^°^' 
scientific  medical  practice,  and  upon  the  intelligent  coopera- 
tion of  the  people. 

Constitutional  diseases  may  be  in  large  part  eliminated  by  Elimination 
the   development   of  personal  hygiene   (exercise,  fresh   air,  ofconsti- 
good  food,  and  plenty  of  sleep)  and  by  public  control  of  the  disease, 
hygienic  conditions  in  schools,  factories,  and  other  places  in 
which  unhealthy  conditions  are  now  so  prevalent. 

This  morning,  I  cannot  more  than  mention  some  of  the  pre-  Predispos- 
disposing  causes  of  disease  and  premature  death.     Some  of  "^8  causes, 
the  more  important  are  excessive  use  of  alcohol,  excessive  use 
of  tobacco,  use  of  other  drugs,  and  impurity  with  its  attendant 
infections. 

There  should  be  mentioned  also  such  causes  as  overwork,  The  eight- 
or  working  too  long  a  period  continuously.  Among  certain  ^^^^  ^^y- 
of  the  industries  at  the  present  time  the  working  day  is  twelve 
hours.  All  enlightened  people  agree  that  this  is  too  long. 
Some  men  in  charge  of  large  progressive  establishments 
report  that  the  change  to  nine  or  even  eight  hours  a  day  has 
so  increased  the  efficiency  of  the  men  that  the  decrease  in 
the  length  of  the  working  day  lessens  very  little,  if  at  all, 
their  profits.  Even  from  an  economic  point  of  view  the  twelve- 
hour  working  day  is  believed  to  be  a  mistake,  to  say  nothing 
of  the  conservation  of  humanity. 

Certain  diseases  incident  to  occupations  cut  heavily  into  the  Women  and 
fife  of  the  laboring  classes.    The  laboring  woman  is  in  need  of 
special  protection.     Child  labor  in  factory  or  mine  is  admitted 
by  all  enlightened  people  to  be  a  crime  against  the  race. 

The  losses  of  life  by  accidents  are  appalling  in  this  country.  Death  by 
In  1907,  in  coal  mining  there  were  2500  killed  and  6000  seri- 
ously injured.  Mr.  John  Mitchell  says  that  for  every 
100,000  tons  of  coal  mined  there  is  on  an  average  one  man 
killed  and  several  injured.  According  to  the  report  of  the 
Interstate  Commerce  Commission,  the  total  number  of  casu- 
alties to  persons  on  the  railways  for  the  year  ending  June 
30,  1908,  was  114,418,  of  which  10,188  represent  the  num- 
ber of  persons  killed,  and  104,230  the  number  injured;  of 
2b 
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these  the  number  of  passengers  who  were  killed  was  381, 
and  the  number  injured  11,556.  In  Wisconsin  alone  in 
the  year  ending  October,  1907,  the  accidents  were  13,572; 
more  than  53  per  cent  of  which  were  among  employees  in 
the  industries.  It  is  estimated  that,  of  the  29,000,000 
people  who  are  working  in  the  United  States,  each  year 
500,000  are  killed  or  crippled,  a  larger  number  than  were 
killed  and  injured  on  both  sides  during  the  Japanese-Russian 
War. 

It  is  certain  that  by  proper  precautionary  measures,  includ- 
ing proper  machinery  and  its  proper  operation,  the  accidents 
may  be  reduced  to  one  tenth  their  present  number. 
Aggregate  The  total  deaths  in  the  United  States  in  one  year  are 

^d  d^ath  ^y^^>^^'  ^^  is  probable  that  for  every  death  there  are  at 
least  two  additional  who  are  sick,  making  3,000,000.  This 
means,  for  those  who  are  ill,  misery  and  loss  of  time.  It 
seems  somewhat  heartless  to  transfer  the  unnecessary  losses 
by  death  and  sickness  to  dollars,  but  ingenious  estimates 
have  been  made  as  to  the  economic  losses  which  result  from 
illness  each  year  in  the  United  States.  They  vary  from 
$1,500,000,000  to  $3,000,000,000  per  annum,  at  least  one 
third  and  possibly  one  half  of  which  is  preventable. 
Eugenics.  A  further  proposal  in  reference  to  the  conservation  of  man 

is  furnished  by  Eugenics.  Breeding  has  been  long  practiced 
with  reference  to  producing  high  grade  stock.  Until  recently 
man  has  given  very  little  attention  to  the  matter  as  far  as  his 
own  race  is  concerned.  It  is  still  true,  even  in  civilized  coun- 
tries, that  defectives  of  various  classes  are  allowed  to  propa- 
gate the  race.  It  is  certain  that  as  a  first  very  moderate  step 
toward  the  development  of  the  stamina  of  the  human  race, 
defectives  should  be  precluded  from  continuing  the  race  by 
some  proper  method.  In  Indiana  by  somewhat  exceptional 
methods  this  is  already  accomplished  so  far  as  certain  classes  of 
defectives  are  concerned.  By  other  methods,  the  segregation 
of  all  defectives  of  each  sex  in  asylums,  hospitals,  and  insti- 
tutes, the  same  result  may  be  reached.  In  some  states  this 
is  partially  done,  but  nowhere  completely.  Whatever  the 
method  chosen,  it  should  be  thoroughgoing.      Human  de- 
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fectives  should  no  longer  be  allowed  to  propagate  the  race. 
We  should  reach  at  least  as  high  a  plane  with  reference  to 
human  beings  as  with  the  defective  animals. 

Remedial  medicine  and  hygiene  are  pubhc  functions.     The  Control  of 
study  and  spread  of  the  knowledge  of  hygiene  is  the  duty  of  '^^^^ 
the  United  States  government,  of  the  states,  of  municipal  function, 
authorities,  and  of  all  the  educational  institutions  under  these 
organizations,  from  the  highest  to  the  lowest,  from  the  uni- 
versity to  the  rural  school.     The  development  of  athletics 
and  children's  playgrounds  will  help  the  work.    Medical  men 
must  continue  their  researches  to  find  a  remedy  for  the  dis- 
eases which  as  yet  they  have  been  unable  to  find  a  way  to 
control.     One  by  one,  as  their  causes  become  known,  the  more 
stubborn  diseases  will  be  conquered.     Only,  recently  cerebro- 
spinal meningitis  has  been  overcome.    Cancer,  as  yet  wholly 
refractory,  will  finally  yield. 

The  normal  condition  of  a  man  should  be  that  of  health;  Health  and 
continual   health  means  continuous  efficiency.     Health  and  ^app^^esa. 
efficiency  are  fundamental  to  happiness;  if  a  man  is  continu- 
ously healthy  and  efficient,  probably  he  will  be  continuously 
happy. 

How  deeply  rooted  is  the  expectation  of  ill  health  is  shown 
by  our  very  salutation.  As  we  greet  one  another  we  say, 
''How  do  you  do?"  and  similar  expressions  we  find  in  other 
languages.  We  who  speak  English  as  our  mother  tongue 
should  substitute  for ''How  do  you  do?"  "Joy  to  you."  This  "Joyto 
may  seem  a  trivial  matter,  but  there  is  at  least  one  sect  that  y°^-" 
holds  it  to  be  of  fundamental  importance.  Personally,  I 
do  not  go  to  the  length  of  those  of  that  sect;  but  there  is  no 
question  that  a  normal  happy  attitude  of  mind  in  man  is  a 
most  stimulating  and  conducive  factor  toward  his  bodily 
health. 

It  is  safe  to  say  that  in  the  future  we  may  expect  that  one  Future 
half  of  the  people  will  live  to  be  seventy  years  of  age;  indeed  ^uman^Ufe. 
Fisher  says  that  the  general  practice  of  remedial  medical 
knowledge  now  in  existence  will  prolong  the  average  length 
of  human  life  for  the  people  of  the  United  States  to  sixty  years. 
What  will  be  the  future  normal  length  of  human  life  ?    No 
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one  may  tell;  it  has  doubled  in  three  centura-s;  n  is  not 
impossible  that  it  may  be  doubled  again  and  thus  become 
ninety  years. 

We  should  live  a  life  in  which  disease  is  practically  elimi- 
nated, in  which  the  normal  condition  is  that  of  health  and 
efl&ciency.  When  the  time  comes  to  go,  a  human  being  should 
die  as  a  dead  twig  is  snapped  from  a  tree  by  the  wind,  and  not 
with  a  lingering  illness. 


Rapid 
increase  in 
population. 


Future 
population. 


POPULATION  AND  CONSERVATION 

The  lengthening  of  himian  life  is  ultimately  connected  with 
that  of  the  conservation  of  the  natural  resources.  If  with  a 
given  birth  rate  the  length  of  life  is  doubled,  this  will  double 
the  number  of  people  to  be  fed.  It  is  doubtless  true  that  as 
longevity  increases  the  birth  rate  will  decrease;  and  it  may 
be  that  the  decrease  in  birth  rate  will  about  compensate 
for  the  increased  longevity,  and  thus  the  increase  in  numbers 
continue  at  about  the  same  rate  as  in  the  past. 

With  the  exception  of  a  comparatively  small  part  of  Asia 
and  a  minute  fraction  of  Euro|)e,  the  earth,  to  within  a  few 
hundred  years,  has  been  sparsely  peopled.  At  the  beginning 
of  the  fifteenth  century,  500  years  ago,  the  population  of 
Europe  was  estimated  at  50,000,000.  At  the  beginning  of 
the  nineteenth  century  the  population  of  Europe  was  about 
175,000,000  and  that  of  North  America  about  5,308,000. 
The  population  of  these  continents  at  the  beginning  of  the 
twentieth  century  are  for  Europe  380,000,000  and  for  Amer- 
ica 100,000,000. 

On  the  basis  of  past  increase  in  papulation,  Gannett  has 
made  an  estimate  of  the  future  population  of  the  United  States. 
He  reached  the  conclusion  that  in  the  year  2000  in  this  coun- 
try there  will  be  250,000,000  people,  and  in  the  year  2100, 
500,000,000.  These  numbers  doubtless  have  a  factor  of 
error;  they  may  be  somewhat  too  small;  they  may  be  some- 
what too  large ;  but  this  is  of  little  consequence.  If  the  larger 
number  is  not  reached  by  the  year  2100,  it  will  be  reached  by 
the  end  of  some  subsequent  century.     Therefore,  it  is  safe 
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to  say  that  in  this  nation,  before  many  centuries  have  gone 
by,  the  problem  of  subsistence  will  be  that  of  finding  food 
and  clothing  for  500,000,000  people.  And  what  are  a  few 
centuries  compared  with  the  future  life  of  this  nation? 

It  is  true  that  various  races  of  animals  have  had  a  long  slow  Man  a 
beginning,  very  rapid  cumulation,  and  then  a  decline  as  a  permanent 
more  powerful  competitor  appeared.  This  we  have  not  ex-  ^^^' 
pected  with  reference  to  man;  we  beheve  that  he  will  retain 
his  dominance.  The  gap  between  man  and  the  lower  animals 
has  now  become  so  wide,  so  completely  is  he  master  of  them, 
that  it  is  almost  impossible  to  believe  that  he  shall  disappear 
before  a  more  powerful  rising  antagonist.  If  this  be  so,  we 
should  think  of  man,  not  as  the  trilobite  which  came  early  in 
Cambrian  times  and  disappeared  at  the  end  of  the  Paleozoic, 
but  as  a  permanent  type.  Therefore  we  should  think  of  the 
genus  homo  as  continuing  through  future  ages  of  the  same 
order  of  magnitude  as  the  geological  ages  of  the  past;  for  we 
know  no  reason  why  the  earth  may  not  spin  on  its  axis,  spin 
around  the  living  sun,  and  with  the  sun  traverse  the  stellar 
space  for  millions  of  years. 

We  might  introduce  speculations  as  to  the  influence  of  secu-  Secular 
lar  changes  which  may  happen  to  the  earth,  such  as  modifica-  the  earth  ° 
tions  of  the  climate,  including  both  temperature  and  precipi- 
tation, varying  volcanic  action,  elevation    and   depression 
of  the  land. 

It  has  already  been  indicated  (see  p.  33)  that  as  a  result  Change  in 
of  the  combustion  of  coal  by  man  it  is  wholly  possible  that  *^™p®^" 
the  average  temperature  of  the  world  will  become  higher  and 
a  temperate  climate  extend  as  far  north  as  Greenland  —  and 
this  within  a  thousand  years.  In  that  event  the  area  of  hab- 
itable land  in  North  America  and  Eurasia  will  be  greatly 
extended.  Vast  regions  in  the  far  north  might  then  support 
a  population  as  dense  as  that  of  the  temperate  climate  at  the 
present  time.  However,  if  this  were  the  case,  it  is  probable 
that  the  equatorial  and  temperate  regions  would  be  warmer 
than  now,  and  perhaps  less  favorable  to  high  civilization. 

In  the  future  there  may  be  an  increase  in  the  precipitation, 
so  that  extensive  areas  of  land  which  are  now  semiarid  or 
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arid,  will  be  sufficiently  humid  to  be  cultivated  without  irri- 
gation. From  the  geological  evidence  it  is  clear  that  the  arid 
regions  of  the  West  were  well  watered  a  few  thousand  years 
ago.  At  the  present  time  the  trend  of  change  is  apparently 
toward  aridity  rather  than  toward  humidity.  How  long  it 
will  be  before  the  pendulum  begins  to  swing  the  other  way 
cannot  be  determined. 

Doubtless  in  the  future,  volcanic  catastrophes  such  as 
Krakatoa  and  Martinique,  and  times  of  earthquakes  illus- 
trated by  San  Francisco,  Valparaiso,  Kingston,  Calabria, 
Messina,  Cartago,  will  recur  with  great  local  damage  and  the 
loss  of  hundreds  of  thousands  of  lives.  Man  has  existed  on 
the  earth  since  before  the  great  Pleistocene  ice  incursions; 
doubtless  by  the  ice  he  has  been  driven  south  several  times, 
each  time  later  to  follow  the  ice  north  as  it  receded. 

Notwithstanding  these  undoubted  facts,  geological  studies 
show  that  for  many  millions  of  years  the  earth  has  been  hal> 
itable  for  life;  and  of  all  living  forms  no  other  has  shown  itself 
so  adapted  to  varying  conditions  of  temperature,  elevation, 
and  humidity  as  has  man.  He  is  able  to  an  amazing  degree 
to  adapt  himself  to  changing  conditions.  Therefore  while 
vicissitudes  will  influence  man  in  the  future  as  in  the  past, 
there  is  every  reason  to  believe  that  he  will  permanently 
inhabit  the  earth  and  be  its  master  so  long  as  living  forms 
exist  upon  it. 

These  considerations  impose  upon  us  as  our  most  funda- 
mental duty  the  transmission  of  the  heritage  of  our  natural 
resources  to  our  descendants  as  nearly  intact  as  possible. 
This  is  an  individual  responsibility  as  well  as  a  state  and 
national  responsibility.  There  is  a  strongly  developed  opin- 
ion at  the  present  time  that  the  owners  of  great  wealth  and 
especially  those  who  control  great  natural  resources  should 
act  as  trustees  for  the  nation;  this  is  easy  to  see.  But  every 
man  who  owns  a  farm  is  equally  a  trustee  to  the  nation  for  his 
small  property.  If  at  the  end  of  his  life  his  farm  goes  to  his 
son  depleted  in  richness,  he  is  as  truly  faithless  to  his  trust 
as  are  the  great  interests,  some  of  which  think  only  of  present 
gain  and  wastefully  exploit  the  natural  resources  of  the 
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country.  Each  in  proportion  to  his  responsibility  is  a  traitor 
to  the  nation.  At  the  present  time  fortunately  this  sense  of 
stewardship  is  gaining  possession  of  those  who  control  some 
of  the  great  resources  of  the  nation.  As  yet,  there  is  scarcely 
a  glimmering  of  responsibility  in  the  case  of  the  smaller  holder 
of  natural  resources.  But  the  future  of  the  nation  is  only 
safe  when  small  and  large  holders  alike,  from  the  man  who 
owns  forty  acres  of  land  to  the  groups  of  men  who  control 
the  anthracite  of  the  nation,  shall  administer  their  trust 
primarily  for  the  benefit  of  the  people  now  living  and  for 
succeeding  generations  rather  than  for  themselves.  Nature 
is  a  hard  master,  and  each  is  responsible  in  proportion  to  the 
talents  intrusted  to  him. 

I  do  not  hesitate  to  assert  that  from  the  point  of  view  of  our  Conserva- 
descendants  this  question  of  the  conservation  of  our  natural  *^*^^  unpor- 
resources  is  more  unportant  than  any  political  or  social  ques-  pressing, 
tion,  —  indeed  more  important  than  all  political  and  social 
questions  upon  the  solution  of  which  we  are  now  engaged. 
Not  only  is  it  more  important,  but  it  is  more  pressing;   for 
already  some  of  our  unnecessary  losses  are  irremediable,  and 
the  situation  is  steadily  growing  worse. 

When,  a  thousand  years  hence,  the  history  of  this  time  is  Conserva- 
written,  I  venture  to  predict  that  the  amount  of  space  which  p°^/'*o  ™ 
will  be  given  to  the  current  political  and  social  questions  which  view  of 
so  puzzle  and  disturb  us  will  be  relatively  small;  and  that  the  ^^*^^^ 
space  given  to  the  movement  for  the  conservation  of  the  nat- 
ural resources  will  be  large.     If  this  movement  succeeds, 
the  names  of  the  men  who  have  led  it  to  success  will  loom 
high. 

CONSERVATION  AND  PATRIOTISM 


The  first  decade  of  this  twentieth  century  has  been  a  time  Conquering 

the  con 
tinent. 


of  unrest,  such  as  has  not  been  witnessed  since  the  days  of  the  *  ^  ^°°" 


Civil  War.  In  legislation  this  unrest  has  expressed  itself  by 
a  large  nimniber  of  remedial  laws.  The  question  naturally 
arises  as  to  the  underlying  conditions  which  have  led  people 
to  a  deep  feeling  of  dissatisfaction  expressed  by  this  outburst 
of  remedial  legislation.    During  the  eighteenth  and  nineteenth 
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centuries  the  continent  was  being  conquered  and  occupied. 
The  forest  was  an  enemy.  Our  resources  seemed  illimitable. 
If  a  man  failed  at  one  place  he  moved  to  the  West  and  began 
again.  Opportunity  was  open  to  all.  Under  these  circum- 
stances it  was  natural  that  the  resources  of  the  nation  should 
be  given  freely  to  any  individual  or  corporation  that  would 
exploit  them.  Why  not?  The  resources  were  exhaustless, 
and  he  who  had  the  energy  to  take  and  develop  should  have 
the  opportunity.  That  this  opportunity  was  taken  advantage 
of  by  men  of  large  ability,  many  of  whom  in  consequence 
have  accumulated  gigantic  fortunes,  was  entirely  natural. 
Many  of  us,  had  we  had  the  ability  and  opportunity,  would 
have  doi^e  likewise. 

But  at  the  beginning  of  this  twentieth  century  we  have  for 
the  first  time  taken  stock  of  our  resources  and  find  that  they 
are  not  inexhaustible. 
Free  land  Not  Only  are  our  resources  limited,  but  they  have  mainly 

^^^  passed  from  the  ownership  of  the  government  to  individuals 

and  corporations.  No  longer  can  a  man  have  for  the  asking 
a  forest  or  a  mine.  He  who  has  not,  may  no  longer  move 
West  and  begin  the  exploitation  of  any  choice  parcel  of  the 
public  domain  which  he  may  select.  If  a  man  has  not,  he 
must  seek  employment  from  others  or  else  starve.  He  is 
surprised  and  angry  at  the  new  conditions,  which  are  contrary 
to  all  the  traditions  of  the  country,  which  were  not  the  condi- 
tions of  his  fathers,  or  even  of  his  youth. 

Moreover,  the  change  from  an  apparent  plethora  of  natural 
resources,  free  to  any  one,  to  paucity,  has  come  upon  us  so 
suddenly  that  the  people  find  themselves  in  a  |x>sition  similar 
to  that  of  the  youth  who,  bequeathed  a  fortune,  believes  it  far 
beyond  his  needs  and  draws  heavily  upon  it  as  his  fancy  dic- 
tates, until  one  day  the  bank  refuses  to  cash  his  check.  He  is 
dazed  and  indignant  at  the  new  conditions. 
The  pres-  The  unconscious  pressure  of  these  facts,  because  only  re- 

mire  o  t  e     f,Q^^\y  ^jave  they  been  formulated,  has  been  the  controlling 
conditions,     factor,  although  others  have  been  important,  in  leading  the 
people  to  change  their  views  in  reference  to  unrestrained  free- 
dom of  individuals  and  corporations  to  control  the  resources 
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of  which  they  have  possession;  and  thus  the  era  of  remedial 
legislation  already  mentioned  is  a  direct  growth  of  the  limita- 
tion and  the  private  possession  of  the  natural  resources  of 
the  country. 

The  eighteenth  and  nineteenth  centuries,  during  which  Individ- 
the  natural  resources  of  the  country  were  being  taken  pos-  "*^°^- 
session  of,  were  naturally  times  of  intense  individualism. 
Each  man  took  freely  of  the  resources,  did  with  them  as  he 
pleased,  and  regarded  interference  from  any  source  as  unwar- 
ranted. But  the  private  possession  of  our  resources  has 
placed  a  new  situation  before  us  and  demands  of  the  people  of 
the  twentieth  century  different  ideals  from  those  that  have 
obtained  in  the  past. 

As  already  said,  so  far  as  possible,  each  should  hold  the  re-  New 
sources  he  possesses  in  trust  for  the  generations  to  follow,  ^^efinition 
Each  should  desire  only  what  is  right,  and  right  must  be  de- 
fined as  that  which  is  best  for  the  future  of  the  race.  In  short, 
the  period  in  which  individualism  was  patriotism  in  this 
country  has  passed  by;  and  the  time  has  come  when  indi- 
vidualism must  become  subordinate  to  responsibility  to  the 
many. 

In  the  days  of  '61  to  '65,  a  million  men  laid  aside  their 
personal  desires,  and  surrendered  their  individualism  for  the 
good  of  the  nation.  Now  it  is  demanded  that  every  citizen 
shall  surrender  his  individualism  not  for  four  years,  but  for 
life,  —  that  he  shall  think  not  only  of  himself  and  his  family, 
but  of  his  neighbors,  and  especially  of  the  unnimabered  genera- 
tions that  are  to  follow.  It  is  by  the  criterion  of  what  is  best 
for  posterity  that  we  should  judge  of  the  interlocking  ques- 
tions of  economics  and  conservation  which  confront  us. 
Upon  this  principle  should  legislation  be  based.  If  we  recog- 
nize this,  we  shall  have  made  the  great  progressive  fundamen- 
tal step.  When  the  criterion  as  to  right,  the  good  of  posterity, 
is  clearly  accepted  by  the  people,  no  individual  or  group  of  in- 
dividuals can  permanently  retard  progress. 

But  the  demand  for  transformation  of  the  ideals  of  the  in-  Social 
dividual,  who  has  felt  himself  free  to  do  with  what  he  has  as  he  ^^^^' 
pleases,  to  social  responsibility,  will  be  as  great  a  change  of 
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heart  as  has  ever  been  demanded  by  seer  or  by  prophet.  Al- 
ready we  have  angry  protestations  from  many  who  largely  pos- 
sess, when  any  restraint  is  projwsed.  Often  those  who  make 
such  proposals  are  denounced  as  dangerous  to  the  welfare  of  the 
country.  But  still  the  demand  will  be  pressed  in  upon  each 
man  that  he  shall  surrender  his  individualism  so  far  as  is  nec- 
essary for  the  good  of  the  race.  He  who  thinks  not  of  himself 
primarily,  but  of  his  race,  and  of  its  future,  is  the  new  patriot. 
Only  under  conditions  which  permit  of  education  to  each,  and 
education  as  far  as  his  capacities  will  permit  him  to  go,  only 
under  conditions  which  will  give  each  man  an  opportunity  to 
rise,  will  this  new  era  of  remedial  legislation  be  safely  guided. 

Without  the  widest  and  wisest  system  of  education,  the  poor 
will  be  led  by  impulse  and  not  by  reason.  Without  the  widest 
and  wisest  system  of  education,  those  who  poesess  largely 
will  continue  to  be  moved  by  individualism,  as  apparently 
are  the  group  of  men  who  control  the  anthracite  coal  of  the 
country,  —  as  if  this  privilege  were  granted  from  on  high  in- 
stead of  by  their  fellow-men. 

By  some  men  largely  possessing  I  have  been  asked  the  ques- 
tion, whether  the  new  movement  of  restrictive  legislation  is 
merely  a  temporary  flood  which  will  subside.  To  such  I  have 
said:  The  tide  is  just  beginning  to  run;  the  part  of  wisdom  is 
to  cooperate,  to  be  fair  to  this  generation  and  considerate  of 
generations  to  come,  or  you  will  be  overwhehned  by  a  mighty 
tidal  wave  of  mingled  just  indignation,  passion,  and  preju- 
dice. The  new  movement  for  conservation  can  no  more  be 
stilled  than  can  the  tides  which  depend  upon  the  movements 
of  the  planets,  because  it  rests  upon  as  fundamental  a  cause, 
—  severe  limitation  of  the  natural  resources  of  the  nation. 
The  part  of  wisdom  is  to  work  with  the  movement,|and  not 
against  it;  it  may  be  guided;  it  cannot  be  stayed. 

At  the  very  best  the  outlook  is  not  any  too  bright.  Until 
within  a  century  or  two,  the  portion  of  the  land  which  was 
used  for  agricultm-al  purposes  in  Europe  and  America  was  but 
a  small  fraction  of  the  total  area.  Now  a  large  portion  of  this 
land  is  under  cultivation.  Even  with  the  greatest  care  and 
the  wisest  applications  of  science,  it  is  difficult  to  see  how 
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the  soil  can  be  tilled  and  retain  its  full  fertility.  When  a  ton 
of  coal  is  burned,  it  is  gone  forever.  At  best  corrosion  and 
other  losses  will  disperse  the  metals,  and  the  speed  of  nature's 
process  of  manufacture  of  new  ore  supplies  is  so  slow  as  to  be 
negligible. 

We  may  hope  that  scientific  advance  will  help  in  reference 
to  some  of  these  resources;  but  we  cannot  hope  that  we  shall 
be  able  to  reverse  the  great  law  that  energy  is  run  down  in 
transformation,  or  that  we  can  reuse  indefinitely  the  re- 
sources of  nature  without  loss. 

It  would  be  interesting,  but  idle,  to  prophesy  as  to  the  Future 
changes  in  our  social  structure  which  will  result  when  people  change  in 
begin  to  be  pinched  by  meager  soil,  by  lack  of  sufficient  coal,  st^cture. 
The  people  of  that  time  will  doubtless  solve  their  problems 
as  best  they  may,  and  any  speculations  which  we  might  make 
at  this  time  would  certainly  be  far  from  future  realization,  but 
that  the  problem  of  pinching  economy  will  confront  our  de- 
scendants is  beyond  all  question;  and,  therefore,  the  para- 
mount duty  remains  to  us  to  transmit  to  our  descendants  the 
resources  which  nature  has  bequeathed  to  us  as  nearly  un- 
diminished in  amount  as  possible,  consistent  with  living  a 
rational  and  frugal  life.     Now  that  we  have  imposed  upon  us 
the  responsibility  of  knowledge,  to  do  less  than  this  would  be 
a  base  communal  crime. 

In  a  few  thousand  years  man  has  risen  from  the  level  of  the  The  godlike 
savage  to  the  height  of  the  great  creations  of  science,  literature,  J^^^ 
and  art.  The  human  mind  has  dared  to  ask  the  meaning  of 
the  universe,  even  to  the  purpose  of  its  own  existence.  These 
amazing  accomplishments  have  taken  place  in  the  mere  in- 
fancy of  the  human  race.  The  most  daring  speculation  that 
I  might  make  as  to  human  achievement  would  be  poor  and 
futile  as  compared  with  future  realizations.  It  is  in  order  that 
humanity  itself  may  be  given  an  opportunity  to  develop 
through  millions  of  years  to  come  under  the  most  advan- 
tageous conditions  that  we  should  conserve  our  natural  re- 
sources, and  thus  make  possible  to  billions 'of  future  human 
beings  a  godlike  destiny. 

Conservation  means  "the  greatest  good  to  the  greatest 
number  —  and  that  for  the  longest  time."  I 
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DECLARATION    OF    GOVERNORS    FOR  CONSER- 
VATION  OF  NATURAL  RESOURCES 

INTRODUCTION 

The  Declaration  of  Governors  contained  in  this  bulletin  was 
adopted  by  the  conference  of  governors  of  the  states  and  terri- 
tories called  by  the  President  to  consider  the  conservation  of 
our  natural  resources,  and  which  met  at  the  White  House 
May  13,  14,  and  15,  1908.  Besides  the  governors  there  were 
invited  to  the  conference  the  members  of  the  Cabinet,  the 
justices  of  the  Supreme  Court,  the  members  of  both  Houses 
of  Congress,  representatives  of  the  great  national  organiza- 
tions, the  Inland  Waterways  Commission,  and,  as  special 
guests,  Hon.  William  Jennings  Bryan,  Mr.  James  J.  Hill, 
Mr.  Andrew  Carnegie,  and  Mr.  John  Mitchell.  The  late  ex- 
President  Grover  Cleveland  was  also  invited  as  a  special  guest, 
but  illness  prevented  him  from  attending.  At  the  request  of 
the  President  each  governor  brought  with  him  to  the  confer- 
ence three  citizens  from  his  state  or  territory  to  act  as  assist- 
ants or  advisers. 

The  object  of  the  conference  was  stated  by  the  President  in 
his  letter  of  invitation  to  the  governors,  in  which  he  said :  — 

It  seems  to  me  time  for  the  country  to  take  accomit  of  its  natural 
resources,  and  to  inquire  how  long  they  are  likely  to  last.  We  are 
prosperous  now;  we  should  not  forget  that  it  will  be  just  as  impor- 
tant to  our  descendants  to  be  prosperous  in  their  time. 

Papers  which  discussed  the  present  state  of  our  various 
natural  resources  were  read  by  experts  and  specialists  in  each 
respective  line,  and  these  were  followed  by  an  open  discussion 
among  the  governors  of  the  points  brought  out. 

The  conference  then  appointed  a  committee  to  draft  a 
declaration,  consisting  of  the  following:  Governor  Newton 
C.  Blanchard,  of  Louisiana;  Governor  John  Franklin  Fort, 
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of  New  Jersey;  Governor  J.  O.  Davidson,  of  Wisconsin;  Gov- 
ernor John  C.  Cutler,  of  Utah;  and  Governor  Martin  F. 
Ansel,  of  South  CaroUna. 

This  committee  prepared  and  submitted  the  declaration 
which  follows,  and  it  was  unanimously  adopted  by  the  con- 
ference of  governors  as  embodying  their  conclusions  on  the 
question  of  conservation. 

DECLARATION   OP   PRINCIPLES 

We,  the  governors  of  the  States  and  Territories  of  the 
United  States  of  America,  in  conference  assembled,  do  hereby 
declare  the  conviction  that  the  great  prosperity  of  our  country 
rests  upon  the  abundant  resources  of  the  land  chosen  by  our 
forefathers  for  their  homes,  and  where  they  laid  the  founda- 
tion of  this  great  nation. 

We  look  upon  these  resources  as  a  heritage  to  be  made  use 
of  in  establishing  and  promoting  the  comfort,  prosperity,  and 
happiness  of  the  American  people,  but  not  to  be  wasted,  de- 
teriorated, or  needlessly  destroyed. 

We  agree  that  our  country^s  future  is  involved  in  this;  that 
the  great  natural  resources  supply  the  material  basis  upon 
which  our  civilization  must  continue  to  depend,  and  upon  which 
the  perpetuity  of  the  nation  itself  rests. 

We  agree,  in  the  light  of  the  facts  brought  to  our  kii«  »\\  I<  lno 
and  from  information  received  from  sources  which  w<'  <  anaot 
doubt,  that  this  material  basis  is  threatened  with  exhaustion. 
Even  as  each  succeeding  generation  from  the  birth  of  the  na- 
tion has  performed  its  part  in  promoting  the  progress  and  de- 
velopment of  the  Republic,  so  do  we  in  this  generation  recog- 
nize it  as  a  high  duty  to  perform  our  part;  and  this  duty  in 
large  degree  Ues  in  the  adoption  of  measures  for  the  conserva- 
tion of  the  natural  wealth  of  the  country. 

We  declare  our  firm  conviction  that  this  conservation  of  our 
natural  resources  is  a  subject  of  transcendent  importance, 
which  should  engage  unremittingly  the  attention  of  the  Nation, 
the  States,  and  the  people  in  earnest  cooperation.  These 
natural  resources  include  the  land  on  which  we  live  and  which 
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yields  our  food;  the  living  waters  which  fertilize  the  soil,  sup- 
ply power,  and  form  great  avenues  of  commerce;  the  forests 
which  yield  the  materials  for  our  homes,  prevent  erosion  of  the 
soil,  and  conserve  the  navigation  and  other  uses  of  the  streams; 
and  the  minerals  which  form  the  basis  of  our  industrial  life, 
and  supply  us  with  heat,  light,  and  power. 

We  agree  that  the  land  should  be  so  used  that  erosion  and 
soil  wash  shall  cease;  and  that  there  should  be  reclamation  of 
arid  and  semiarid  regions  by  means  of  irrigation,  and  of  swamp 
and  overflowed  regions  by  means  of  drainage;  that  the  waters 
should  be  so  conserved  and  used  as  to  promote  navigation,  to 
enable  the  arid  regions  to  be  reclaimed  by  irrigation,  and  to 
develop  power  in  the  interests  of  the  people;  that  the  forests 
which  regulate  our  rivers,  support  our  industries,  and  promote 
the  fertility  and  productiveness  of  the  soil  should  be  preserved 
and  perpetuated;  that  the  minerds  found  so  abundantly  be- 
neath the  surface  should  be  so  used  as  to  prolong  their  utility; 
that  the  beauty,  healthf ulness,  and  habitability  of  our  country 
should  be  preserved  and  increased;  that  sources  of  national 
wealth  exist  for  the  benefit  of  the  people,  and  that  monopoly 
thereof  should  not  be  tolerated. 

We  commend  the  wise  forethought  of  the  President  in 
sounding  the  note  of  warning  as  to  the  waste  and  exhaustion 
of  the  natural  resources  of  the  country,  and  signify  our  high 
appreciation  of  his  action  in  calling  this  conference  to  consider 
the  same  and  to  seek  remedies  therefor  through  cooperation 
of  the  Nation  and  the  States. 

We  agree  that  this  cooperation  should  find  expression  in 
suitable  action  by  the  Congress  within  the  limits  of  and  co- 
extensive with  the  national  jurisdiction  of  the  subject,  and, 
complementary  thereto,  by  the  legislatures  of  the  several 
States  within  the  limits  of  and  coextensive  with  their  juris- 
diction. 

We  declare  the  conviction  that  in  the  use  of  the  national 
resources  our  independent  States  are  interdependent  and 
bound  together  by  ties  of  mutual  benefits,  responsibilities, 
and  duties. 

We  agree  in  the  wisdom  of  future  conferences  between  the 
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President,  Members  of  Congress,  and  the  governors  of  States 
on  the  conservation  of  our  natural  resources  with  a  view  of 
continued  cooperation  and  action  on  the  lines  suggested;  and 
to  this  end  we  advise  that  from  time  to  time,  as  in  his  judg- 
ment may  seem  wise,  the  President  call  the  governors  of  States 
and  Members  of  Congress  and  others  into  conference. 

We  agree  that  further  action  b  advisable  to  ascertain  the 
present  condition  of  our  natural  resources  and  to  promote  the 
conservation  of  the  same;  and  to  that  end  we  recommend  the 
appointment  by  each  State  of  a  commission  on  the  conserva- 
tion of  natural  resources,  to  cooperate  with  each  other  and 
with  any  similar  commission  of  the  Federal  Government. 

We  urge  the  continuation  and  extension  of  forest  policies 
adapted  to  secure  the  husbanding  and  renewal  of  our  diminish- 
ing timber  supply,  the  prevention  of  soil  erosion,  the  protection 
of  headwaters,  and  the  maintenance  of  the  purity  and  naviga- 
bility of  our  streams.  We  recognize  that  the  private  owner- 
ship of  forest  lands  entails  responsibilities  in  the  interests  of  all 
the  people,  and  we  fayor  the  enactment  of  laws  looking  to  the 
protection  and  replacement  of  privately  owned  forests. 

We  recognize  in  our  waters  a  most  valuable  asset  of  the 
people  of  the  United  States,  and  we  recommend  the  enactment 
of  laws  looking  to  the  conservation  of  water  resources  for 
irrigation,  water  supply,  power,  and  navigation,  to  the  end 
that  navigable  and  source  streams  may  be  brought  under 
complete  control  and  fully  utilized  for  every  purpose.  We 
especially  urge  on  the  Federal  Congress  the  immediate  adop- 
tion, of  a  wise,  active,  and  thorough  waterway  policy,  provid- 
ing for  the  prompt  improvement  of  our  streams  and  the 
conservation  of  their  watersheds  required  for  the  uses  of 
commerce  and  the  protection  of  the  interests  of  our  people. 

We  recommend  the  enactment  of  laws  looking  to  the  pre- 
vention of  waste  in  the  mining  and  extraction  of  coal,  oil,  gas, 
and  other  minerals  with  a  view  to  their  wise  conservation  for 
the  use  of  the  people,  and  to  the  protection  of  human  life  in 
the  mines. 

Let  us  conserve  the  foundations  of  our  prosperity. 

Adopted  May  15,  1908,  at  the  White  Houae,  Washington,  D.  C. 
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NORTH  AMERICAN  CONSERVATION  CONFER- 
ENCE 

DECLARATION   OF   PRINCIPLES 

We  recognize  the  mutual  interests  of  the  Nations  which 
occupy  the  Continent  of  North  America  and  the  dependence 
of  the  welfare  of  each  upon  its  natural  resources.  We  agree 
that  the  conservation  of  these  resources  is  indispensable  for 
the  continued  prosperity  of  each  Nation. 

We  recognize  that  the  protection  of  mutual  interests  re- 
lated to  natural  resources  by  concerted  action,  without  in  any 
way  interfering  with  the  authority  of  each  Nation  within  its 
own  sphere,  will  result  in  mutual  benefits,  and  tend  to  draw 
still  closer  the  bonds  of  existing  goodwill,  confidence,  and 
respect.  Natural  resources  are  not  confined  by  the  boundary 
lines  that  separate  Nations.  We  agree  that  no  Nation  acting 
alone  can  adequately  conserve  them,  and  we  recommend 
the  adoption  of  concurrent  measures  for  conserving  the 
material  foundations  of  the  welfare  of  all  the  Nations  con- 
cerned, and  for  ascertaining  their  location  and  extent. 

We  recognize  as  natural  resources  all  materials  available 
for  the  use  of  man  as  means  of  life  and  welfare,  including 
those  on  the  surface  of  the  earth,  like  the  soil  and  the  waters; 
those  below  the  surface,  like  the  minerals;  and  those  above 
the  surface,  like  the  forests.  We  agree  that  these  resources 
should  be  developed,  used,  and  conserved  for  the  future,  in 
the  interests  of  mankind,  whose  rights  and  duties  to  guard 
and  control  the  natural  sources  of  life  and  welfare  are  in- 
herent, perpetual,  and  indefeasible.  We  agree  that  those 
resources  which  are  necessaries  of  life  should  be  regarded  as 
public  utilities,  that  their  ownership  entails  specific  duties  to 
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the  public,  and  that  as  far  as  possible  effective  measures 
should  be  adopted  to  guard  against  monopoly. 

PUBUC    HEALTH 

Believing  that  the  conservation  movement  tends  strongly 
to  develop  national  efficiency  in  the  highest  possible  degree  in 
our  respective  countries,  we  recognize  that  to  accomplish  such 
an  object  with  success,  the  maintenance  and  improvement  of 
public  health  is  a  first  essential. 

In  all  steps  for  the  utilization  of  natural  resources  considera- 
tions of  public  health  should  always  be  kept  in  view. 

Facts  which  cannot  be  questioned  demonstrate  that  im- 
mediate action  is  necessary  to  prevent  further  pollution, 
mainly  by  sewage,  of  the  lakes,  rivers,  and  streams  through- 
out North  America.  Such  pollution,  aside  from  the  enormous 
loss  in  fertilizing  elements  entailed  thereby,  is  an  inunediate 
and  continuous  danger  to  public  health,  to  the  health  of  ani- 
mals, and,  when  caused  by  certain  chemical  agents,  to  agricul- 
ture. Therefore  we  recommend  that  preventive  legislation 
be  enacted. 

FORESTS 

We  recognize  the  forests  as  indispensable  to  civilization  and 
public  welfare.  They  furnish  material  for  construction  and 
manufacture,  and  promote  the  habitability  of  the  earth.  We 
regard  the  wise  use,  effective  protection,  especially  from  fire, 
and  prompt  renewal  of  the  forests  on  land  best  adapted  to  such 
use,  as  a  public  necessity  and  hence  a  public  duty  devohnng 
upon  all  forest  owners  alike,  whether  public,  corporate,  or  in- 
dividual. 

We  consider  the  creation  of  many  and  large  forest  reserva- 
tions and  their  permanent  maintenance  under  government 
control  absolutely  essential  to  the  public  welfare. 

We  favor  the  early  completion  of  inventories  of  forest  re- 
sources, in  order  to  ascertain  the  available  supply  and  the  rate 
of  consumption  and  reproduction. 

We  recommend  the  extension  of  technical  education  and 
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practical  field  instruction  in  forest  conservation,  afforestation, 
and  reforestation,  so  as  to  provide  efficient  forest  officers  whose 
knowledge  will  be  available  for  necessary  public  information 
on  these  subjects. 

Believing  that  excessive  taxation  on  standing  timber  pri- 
vately owned  is  a  potent  cause  of  forest  destruction  by  increas- 
ing the  cost  of  maintaining  growing  forests,  we  agree  in  the 
wisdom  and  justice  of  separating  the  taxation  of  timber  land 
from  the  taxation  of  the  timber  growing  upon  it,  and  adjust- 
ing both  in  such  a  manner  as  to  encourage  forest  conservation 
and  forest  growing. 

We  agree  that  the  ownership  of  forest  lands,  either  at  the 
headwaters  of  streams  or  upon  areas  better  suited  for  forest 
growth  than  for  other  purposes,  entails  duties  to  the  public, 
and  that  such  lands  should  be  protected  with  equal  effective- 
ness, whether  under  public  or  private  ownership. 

Forests  are  necessary  to  protect  the  sources  of  streams, 
moderate  floods,  and  equalize  the  flow  of  waters,  temper  the 
climate,  and  protect  the  soil;  and  we  agree  that  all  forests 
necessary  for  these  purposes  should  be  amply  safeguarded. 
We  affirm  the  absolute  need  of  holding  for  forests,  or  reforest- 
ing, all  lands  supplying  the  headwaters  of  streams,  and  we 
therefore  favor  the  control  or  acquisition  of  such  lands  for 
the  public. 

The  private  owners  of  lands  unsuited  to  agriculture,  once 
forested  and  now  impoverished  or  denuded,  should  be  en- 
couraged by  practical  instruction,  adjustment  of  taxation, 
and  in  other  proper  ways,  to  undertake  the  reforesting  thereof. 

Notwithstanding  an  increasing  public  interest  in  forestry, 
the  calamitous  and  far-reaching  destruction  of  forests  by  fire 
still  continues,  and  demands  immediate  and  decisive  action. 
We  believe  that  systems  of  fire  guardianship  and  patrol  afford 
the  best  means  of  dealing  adequately  with  fires  which  occur, 
whether  from  natural  causes,  such  as  lightning,  or  in  other 
ways;  but  we  affirm  that  in  addition  thereto  effective  laws  are 
urgently  needed  to  reduce  the  vast  damage  from  preventable 
causes. 

Apart  from  fire,  the  principal  cause  of  forest  destruction  is 
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unwise  and  improvident  cutting,  which,  in  many  cases,  has 
resulted  in  widespread  injury  to  the  climate  and  the  streams. 
It  is  therefore  of  the  first  importance  that  all  lumbering  opera- 
tions should  be  carried  on  under  a  system  of  rigid  regulation. 

WATERS 

We  recognize  the  waters  as  a  primary  resource,  and  we  re- 
gard their  use  for  domestic  and  municipal  supply,  irrigation, 
navigation,  and  power,  as  interrelated  public  uses,  and  prop- 
erly subject  to  public  control.  We  therefore  favor  the  com- 
plete and  concurrent  development  of  the  streams  and  their 
sources  for  every  useful  purpose  to  which  they  may  be  put. 

The  highest  and  most  necessary  use  of  water  is  for  domestic 
and  municipal  purposes.  We  therefore  favor  the  recognition 
of  this  principle  in  legislation,  and,  where  necessary,  the  sub- 
ordination of  other  uses  of  water  thereto. 

The  superior  economy  of  water  transportation  over  land 
transportation,  as  well  as  its  advantages  in  limiting  the  con- 
sumption of  the  nonrenewable  resources,  coal  and  iron,  and 
its  effectiveness  in  the  promotion  of  commerce,  are  generally 
acknowledged.  We  therefore  favor  the  development  of  inland 
navigation  under  general  plans  adapted  to  secure  the  uniform 
progress  of  the  work  and  the  fullest  use  of  the  streams  for  all 
purposes.  We  further  express  our  belief  that  all  waterwa3rs  so 
developed  should  be  retained  under  exclusive  public  ownership 
and  control. 

We  refeard  the  monopoly  of  waters,  and  especially  the  mo- 
nopoly of  water  power,  as  peculiarly  threatening.  No  rights  to 
the  use  of  water  powers  in  streams  should  hereafter  be  granted 
in  perpetuity.  Each  grant  should  be  conditioned  upon 
prompt  development,  continued  beneficial  use,  and  the  pay- 
ment of  proper  compensation  to  the  public  for  the  rights 
enjoyed;  and  should  be  for  a  definite  period  only.  Such 
period  should  be  no  longer  than  is  required  for  reasonable 
safety  of  investment.  The  public  authority  should  retain 
the  right  to  readjust  at  stated  periods  the  compensation  to 
the  public  and  to  regulate  the  rates  charged,  to  the  end  that 
undue  profit  or  extortion  may  be  prevented. 
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Where  the  construction  of  works  to  utilize  water  has  been 
authorized  by  public  authority,  and  such  utilization  is  neces- 
sary for  the  public  welfare,  provision  should  be  made  for  the 
expropriation  of  any  privately  owned  land  and  water  rights 
required  for  such  construction. 

The  interest  of  the  pubHc  in  the  increase  of  the  productive- 
ness of  arid  lands  by  irrigation  and  of  wet  lands  by  drainage 
is  manifest.  We  therefore  favor  the  participation  of  the 
pubhc  to  secure  the  complete  and  economical  development  and 
use  of  all  water  available  for  irrigation  and  of  all  lands  sus- 
ceptible of  profitable  drainage,  in  order  to  insure  the  widest 
possible  benefit.  Special  projects  should  be  considered  and  de- 
veloped in  connection  with  a  general  plan  for  the  same  water- 
shed. In  the  matter  of  irrigation,  public  authority  should 
control  the  headwaters  and  provide  for  the  construction  of 
storage  reservoirs  and  for  the  equitable  distribution  and  use 
of  the  stored  water. 

LANDS 

We  recognize  land  as  a  fundamental  resource,  yielding  the 
materials  needed  for  sustaining  population,  and  forming  the 
basis  of  social  organization.  Increase  in  the  productivity  of 
the  soil  is  a  growing  need,  and  the  possession  of  the  land  by  the 
men  who  live  upon  it  not  only  promotes  such  productivity,  but 
is  also  the  best  guarantee  of  good  citizenship.  In  the  interest 
of  the  homemaker,  we  favor  regulation  of  grazing  on  public 
land,  the  disposal  of  public  lands  to  actual  settlers »in  areas 
each  sufficient  to  support  a  family,  and  the  subdivision  of  ex- 
cessive holdings  of  agricultural  or  grazing  land,  thereby  pre- 
venting monopoly. 

The  preservation  of  the  productivity  of  the  soil  is  dependent 
upon  rotation  of  crops,  fertilization  by  natural  or  artificial 
means,  and  improved  methods  in  farm  management.  The 
quantity  and  quality  of  crops  are  also  dependent  upon  the 
careful  selection  of  seed.  We  therefore  favor  the  distribution 
by  government  bureaus  of  scientific  and  practical  information 
on  these  points,  and  we  urge  upon  all  farmers  careful  attention 
thereto. 
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The  national  importance  for  grazing  of  nonirrigable  public 
lands  too  dry  for  cultivation,  and  the  public  loss  occasioned  by 
overgrazing,  are  generally  acknowledged.  We  therefore  favor 
government  control  of  such  lands  in  order  to  restore  their 
value,  promote  settlement,  and  increase  the  public  resources. 

The  first  requisite  for  forest  or  other  covering  which  will 
conserve  the  rainfall  and  promote  regularity  of  water  flow  is 
the  retention  of  the  soil  upon  watersheds.  We  therefore 
favor  the  construction  of  such  artificial  works  as  may  efifect 
this  purpose  and  the  encouragement  thereof  by  remission  of 
taxes,  government  cooperation,  or  other  suitable  means. 

inNERALS 

We  recognize  the  mineral  resources  as  forming  the  chief 
basis  of  industrial  progress,  and  regard  their  use  and  conserva- 
tion as  essential  to  the  public  welfare.  The  mineral  fuels  play 
an  indispensable  part  in  our  modem  civilization.  We  favor 
action  on  the  part  of  each  government  looking  towards  reduc- 
tion of  the  enormous  waste  in  the  exploitation  of  such  fuels, 
and  we  direct  attention  to  the  necessity  for  an  inventory 
thereof.  Such  fuels  should  hereafter  be  disposed  of  by  lease 
under  such  restrictions  or  regulations  as  will  prevent  waste 
and  monopolistic  or  speculative  holding,  and  supply  the  public 
at  reasonable  prices. 

We  believe  that  the  surface  rights  and  underground  mineral 
rights  in  lands  should  be  separately  dealt  with  so  as  to  permit 
the  surface  of  the  land  to  be  utilized  to  the  fullest  extent,  while 
preserving  government  control  over  the  minerals. 

Regulations  should  be  adopted  looking  to  the  most  economi- 
cal production  of  coal  and  other  mineral  fuels  and  the  prolon- 
gation of  the  supply  to  the  utmost.  We  favor  also  the  sub- 
stitution of  water  power  for  steam  or  other  power  produced 
by  the  consumption  of  fuel. 

Great  economy  in  the  use  of  fuel  has  resulted  in  the  past 
from  the  application  of  scientific  inventions  and  the  use  of  im- 
provements in  machinery,  and  further  progress  can  be  made 
in  the  same  direction.    We  therefore  reconunend  that  all 


APPENDIX  II  391 

possible  encouragement  and  assistance  be  given  in  the  develop- 
ment and  perfecting  of  means  whereby  waste  in  the  consump- 
tion of  fuel  can  be  reduced. 

The  loss  of  human  life  through  preventable  mining  accidents 
in  North  America  is  excessive.  Much  needless  suffering  and 
bereavement  results  therefrom.  Accompanying  this  loss  there 
is  great  destruction  of  valuable  mineral  property  and  enhance- 
ment of  the  cost  of  production.  The  best  method  of  eliminat- 
ing these  known  and  admitted  evils  lies  in  the  enactment  and 
strict  enforcement  of  regulations  which  will  provide  the  great- 
est possible  security  for  mine  workers  and  mines.  We 
therefore  favor  the  scientific  investigation  of  the  whole  sub- 
ject of  mine  accidents  by  the  governments  participating  in 
this  conference,  the  interchange  of  information  and  experience, 
and  the  enactment  and  enforcement  of  the  best  regulations 
that  can  be  devised. 

Mineral  fertilizers  should  not  be  monopolized  by  private 
interests,  but  should  be  so  controlled  by  public  authority  as 
to  prevent  waste  and  to  promote  their  production  in  such 
quantity  and  at  such  price  as  to  make  them  readily  available 
for  use. 

PROTECTION  OF  GAME 

We  recognize  that  game  preservation  and  the  protection 
of  bird  life  are  intimately  associated  with  the  conservation  of 
natural  resources.  We  therefore  favor  game  protection  under 
regulation,  the  creation  of  extensive  game  preserves,  and 
special  protection  for  such  birds  as  are  useful  to  agriculture. 

CONSERVATION   COMMISSIONS 

The  action  of  the  President  of  the  United  States  in  calling 
this  first  conference  to  consider  the  conservation  of  the  natu- 
ral resources  of  North  America  was  in  the  highest  degree  op- 
portune, and  the  proceedings  which  have  followed,  and  the 
information,  mutually  communicated  by  the  representatives 
assembled,  have,  we  believe,  been  conducive  to  the  best  in- 
terests of  the  countries  participating.    To  derive  the  greatest 
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possible  benefit  from  the  work  which  has  already  been  done, 
and  to  provide  proper  and  effective  machinery  for  future  work, 
there  should  be  established  in  each  country  a  permanent  Con- 
servation Conmiission. 

When  such  Conservation  Commissions  have  been  estab- 
lished, a  system  of  intercommunication  should  be  inaugurated, 
whereby,  at  stated  intervals,  all  discoveries,  inventions,  pro- 
cesses, inventories  of  natural  resources,  information  of  a  new 
and  specially  important  character,  and  seeds,  seedlings,  new 
or  improved  varieties,  and  other  productions  which  are  of 
value  in  conserving  or  improving  any  natural  resource  shall  be 
transmitted  by  each  commission  to  all  of  the  others,  to  the 
end  that  they  may  be  adopted  and  utilized  as  widely  as  pos- 
sible. 

WORLD  CONSERVATION  OONFXRBNCB 

The  conference  of  delegates,  representatives  of  the  United 
States,  Mexico,  Canada,  and  Newfoundland,  having  ex- 
changed views  and  considered  the  information  supplied  from 
the  respective  countries,  is  convinced  of  the  importance  of  the 
movement  for  the  conservation  of  natural  resources  on  the 
continent  of  North  America,  and  believes  that  it  is  of  such  a 
nature  and  of  such  general  importance  that  it  should  become 
worldwide  in  its  scope,  and  therefore  suggests  to  the  Presi- 
dent of  the  United  States  of  America  that  all  nations  should  be 
invited  to  join  together  in  conference  on  the  subject  of  world 
resources  and  their  inventory,  conservation,  and  wise  utiliza- 
tion. 

GiFFORD   PiNCHOT, 

Robert  Bacon, 
James  Rudolph  Garfield, 
Commissioners  Repre- 
senting the  United 
States. 

RoMULO  Escobar, 
Miguel  A.  de  Quevedo, 
Carlos  Sellerier, 
Commissioners  Representing  the  Republic  of  Mexico, 


Sydney  Fisher, 
Clifford  Sipton, 
Henri  S.  Beland, 
Commissioners  Repre- 
senting the  Domin- 
ion of  Canada, 
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E.  H.  OUTERBRIDGE, 

Commissioner  Representing  the  Colony  of  Newfoundland, 

Attest : 
Robert  E.  Young, 
Thomas  R.  Shipp, 

Secretaries  of  the  Conference, 

Washington,  D.  C,  February  23,  1909. 


APPENDIX   in 
THE    NATIONAL    CONSERVATION    ASSOCIATION 

STATEMENT   OF   PRINCIPLES 

Believing  it  to  be  of  the  utmost  importance  that  the  natural 
resources  of  the  nation  shall  be  comprehensively  and  vigor- 
ously developed  and  utilized  for  the  promotion  of  the  public 
welfare,  without  waste,  destruction  or  needless  impairment, 
and  subject  always  to  their  intelligent  conservation  and  the 
effective  preservation  of  the  rights  and  interests  of  the  future 
generations  of  our  people; 

And  in  order  to  secure  the  recognition  and  support  of  these 
principles  by  the  people  and  by  their  representatives,  we 
hereby  unite  in  the  National  Conservation  Association. . .  We 
form  this  association  to  advocate  and  support  the  adoption 
by  the  people  themselves  and  by  their  representatives  of  defi- 
nite and  practical  measures  to  carry  the  foregoing  principles 
[the  principles  adopted  by  the  conference  of  the  governors. 
Appendix  I]  into  effect,  and  to  oppose  in  all  appropriate  ways 
all  action  which  is  in  conflict  with  these  principles,  whether 
such  action  is  attempted  by  individual  citizens  or  by  legisla- 
tive or  administrative  officials.  Among  such  measures  are 
the  following:  — 

FORESTS 

The  protection  of  the  source  waters  of  navigable  streams, 
through  the  purchase  or  control  by  the  nation  of  the  neces- 
sary land  within  their  drainage  basins,  especially  in  the 
Southern  Appalachians  and  the  White  Mountains. 

The  enactment  and  enforcement,  both  by  the  nation  and 
by  the  several  states,  of  effective  laws  to  prevent,  by  active 
patrol  during  dry  weather,  and  by  other  appropriate  means, 
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the  spreading  of  fire  in  all  forests,  whether  publicly  or  pri- 
vately owned. 

The  reasonable  but  effective  public  regulation  of  timber 
cutting  on  forest  land,  whether  publicly  or  privately  owned, 
the  conservation  of  which  is  essential  to  the  public  welfare. 

The  separation,  for  purposes  of  taxation,  of  the  timber  from 
the  land  on  which  it  grows,  so  that  the  forest  crop  shall  be 
taxed  only  when  it  is  harvested,  while  the  land  shall  be  taxed 
every  year. 

The  support  and  extension  of  practical  forestry. 

WATERS 

The  preparation,  by  a  commission  appointed  by  the  Presi- 
dent of  the  United  States,  of  a  comprehensive  plan  for  water- 
way improvement,  extending  to  all  the  uses  of  the  waters  and 
the  benefits  to  be  derived  from  their  control,  including  navi- 
gation, with  the  relation  of  railroads  and  terminals  thereto,  the 
development  and  disposition  of  water  power,  the  irrigation  of 
arid  lands,  the  drainage  of  swamp  and  overflowed  lands,  the 
control  of  floods,  the  prevention  of  soil  wash,  and  the  purifica- 
tion of  streams  for  water  supply. 

The  immediate  undertaking  and  continuous  prosecution  of 
works  clearly  necessary  under  such  general  plan. 

The  incorporation  into  all  future  grants  of  water  power 
rights  by  state  or  nation  of  provisions  to  secure  the  following: 

(a)  Prompt  development,  on  pain  of  forfeiture  of  the  grant. 

(6)  Payment  of  reasonable  compensation  for  the  benefits 
granted  by  the  people,  with  periodic  readjustment  of  the  rate 
of  compensation,  so  as  to  insure  justice  both  to  the  investor 
and  to  the  public. 

(c)  The  limitation  of  all  such  grants  to  periods  not  exceed- 
ing fifty  years,  and  the  reservation  of  the  right  to  termmate 
and  acquire  or  reconvey  the  grant  for  proper  cause  and  upon 
equitable  compensation;  together  with  proper  inspection  and 
publicity  of  records  and  accounts. 

(d)  Recognition  of  the  right  of  the  appropriate  public 
authorities  to  make  reasonable  regulations  as  to  rates  of  ser- 
vice. 
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The  termination  of  all  existing  pennits  or  grants  for  the  de- 
velopment of  water  power  and  the  substitution  of  new  grants 
involving  the  foregoing  principles  as  soon  and  to  such  extent 
as  may  be  consistent  with  the  terms  of  the  existing  grants. 

The  support  and  extension  of  the  irrigation  of  arid  lands 
and  the  drainage  of  swamp  and  overflowed  lands. 


LANDS 

The  directing  of  public  attention  to  the  need  for  preserving 
the  fertility  of  our  soils,  and  thus  protecting  the  future  food 
supply  of  our  people. 

The  enactment  of  legislation  whereby  the  title  to  the  surface 
of  public  lands  and  to  the  minerals  therein  shall  be  granted 
separately,  with  every  appropriate  facility  to  miners  to  acquire 
such  part  of  the  surface  as  may  be  needed  in  the  development 
of  their  claims. 

The  conservation  and  control  of  the  unappropriated  public 
range  lands  by  the  government  in  the  interests  of  the  stock- 
man and  homemaker,  and  subject  at  all  times  to  homestead 
entry. 

MINERALS 

The  retention  by  the  government  of  the  title  to  all  lands 
still  in  public  ownership  which  contain  phosphate  rock,  coal 
oil,  or  natural  gas,  and  the  development  of  the  same  by  private 
enterprise,  under  conditions  that  will  prevent  extortion  and 
waste. 

The  enactment  of  appropriate  legislation  to  prolong  our 
coal  supply,  to  reduce  waste  in  mining,  and  to  establish 
sufficient  safeguards  against  the  loss  of  life  in  mines. 

We  desire  to  further  all  legislation  which  is  wisely  designed 
to  diminish  sickness,  prevent  accidents  and  premature  death, 
and  increase  the  comfort  and  joy  of  American  life,  believing 
that  human  efficiency,  health,  and  happiness  are  natural  re- 
sources quite  as  important  as  forests,  waters,  lands,  and  min- 
erals. 

The  foregoing  enumeration  is  intended  to  indicate  the  gen- 
eral character  of  some  of  the  measures  which  this  organization 
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believes  should  be  adopted  to  carry  the  principles  of  conser- 
vation into  practical  effect.  It  will,  however,  cooperate  in 
every  appropriate  way  with  other  organizations  and  with  the 
state  and  national  officials  to  cover  the  entire  field  of  the  con- 
servation and  development  of  our  natural  resources,  and  to 
bring  to  this  cooperation  the  vigorous  support  of  an  intelli- 
gent and  disinterested  citizenship. 


ADDENDUM 

The  Land  Withdrawal  Bill,  discussed  on  page  297,  before 
passage  by  Congress,  was  amended  to  the  form  given  below : — 

An  act  (H.  E.  24070)  to  authorize  the  President  of  the  United 
States  to  make  withdrawals  of  public  lands  in  certain  cases. 
Be  it  enacted  etc..  That  the  President  may,  at  any  time  in  his 
discretion,  temporarily  withdraw  from  settlement,  location,  sale, 
or  entry  any  of  the  public  lands  of  the  United  States,  includ- 
ing the  District  of  Alaska,  and  reserve  the  same  for  water- 
power  sites,  irrigation,  classification  of  lands,  or  other  public 
purposes  to  be  specified  in  the  orders  of  withdrawals,  and  such 
withdrawals  or  reservations  shall  remain  in  force  until  revoked 
by  him  or  by  an  act  of  Congress. 

Sec.  2.  That  all  lands  withdrawn  under  the  provisions  of 
this  act  shall  at  all  times  be  open  to  exploration,  discovery, 
occupation,  and  purchase,  under  the  mining  laws  of  the  United 
States,  so  far  as  the  same  apply  to  minerals  other  than  coal, 
oil,  gas,  and  phosphates :  Provided,  That  the  rights  of  any  per- 
son who,  at  the  date  of  any  order  of  withdrawal  heretofore  or 
hereafter  made,  is  a  bona  fide  occupant  or  claimant  of  oil  or  gas 
bearing  lands,  and  who,  at  such  date,  is  in  diligent  prosecution 
of  work  leading  to  discovery  of  oil  or  gas,  shall  not  be  affected 
or  impaired  by  such  order,  so  long  as  such  occupant  or  claimant 
shall  continue  in  diligent  prosecution  of  said  work :  And  pro- 
vided further.  That  this  act  shall  not  be  construed  as  a  recog- 
nition, abridgment,  or  enlargement  of  any  asserted  rights  or 
claims  initiated  upon  any  oil  or  gas  bearing  lands  after  any 
withdrawal  of  such  lands  made  prior  to  the  passage  of  this  act : 
And  provided  further,  That  there  shall  be  excepted  from  the 
force  and  effect  of  any  withdrawal  made  under  the  provisions 
of  this  act  all  lands  which  are,  on  the  date  of  such  withdrawal, 
embraced  in  any  lawful  homestead  or  desert-land  entry  there- 
tofore made,  or  upon  which  any  valid  settlement  has  been  made 
and  is  at  said  date  being  maintained  and  perfected  pursuant 
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to  law;  but  the  terms  of  this  proviso  shall  not  continue  to 
apply  to  any  particular  tract  of  land  unless  the  en  try  man  or 
settler  shall  continue  to  comply  with  the  law  under  which  the 
entry  or  settlement  was  made:  And  provided  furthery  That 
hereafter  no  forest  reserve  shall  be  created,  nor  shall  any  addi- 
tions be  made  to  one  heretofore  created  within  the  limits  of  the 
States  of  Oregon,  Washington,  Idaho,  Montana,  Colorado,  or 
Wyoming,  except  by  act  of  Congress. 

Sec.  3.  That  the  Secretary  of  the  Interior  shall  report  all 
such  withdrawals  to  Congress  at  the  beginning  of  its  next 
regular  session  after  the  date  of  the  withdrawals. 

All  of  the  second  section  of  this  act,  beginning  with  the  word 
"Provided,"  in  the  fourth  line,  is  an  addition  to  the  bill  as  first 
passed  by  the  house. 

On  pages  214-216  we  have  seen  how  the  authority  of  the 
President  to  withdraw  land  for  the  forest  preserves  has  resulted 
in  the  great  national  forests.  The  last  clause  of  section  2  of 
the  act  passed,  the  professed  purpose  of  which  was  to  advance 
Conservation,  in  effect  repeals  the  law  authorizing  the  President 
to  create  forest  reserves  so  far  as  the  States  of  Oregon,  Wash- 
ington, Idaho,  Montana,  Colorado,  and  Wyoming  are  concerned. 

While  the  limitations  imposed  by  the  act  are  unfortunate, 
President  Taft  has  questioned  his  authority  to  make  land  with- 
drawals ;  and  therefore  it  is  a  gain  to  have  an  act  passed  which 
settles  this  question,  even  if  it  contains  objectionable  features. 

The  situation  being  as  it  is,  the  President  should  again  with- 
draw under  this  act  all  the  lands  heretofore  withdrawn  by 
President  Roosevelt  and  himself,  in  order  that  such  withdrawals 
may  have  the  protection  of  the  new  law.  Already  it  is  an- 
nounced that  on  July  3d  the  President  has  done  this,  so  far  as 
power  sites,  phosphates,  petroleum  lands  and  coal  are  concerned. 

Apparently,  the  bill  gives  the  President  power  to  withdraw 
the  coal  lands  in  the  United  States  from  sale  altogether  if  he 
so  desires.  If  this  were  done,  the  interests  of  the  public  would 
be  protected  until  Congress  passes  a  law  authorizing  the  leasing 
of  the  coal  lands. 

None  of  the  other  Conservation  bills  recommended  by  Presi- 
dent Taft  made  any  progress  during  the  first  session  of  the 
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61st  Congress.  These  include  the  coal  lands  bill  (see  pp. 
42-43),  providing  for  the  management  of  the  public  coal  lands 
upon  the  leasing  system ;  the  petroleum  and  natural  gas  bills 
(see  pp.  54-55,  60),  providing  for  the  withdrawal  of  the  petro- 
leum and  gas  lands  and  the  leasing  of  the  same;  the  water 
power  bill  (see  pp.  150-151),  providing  for  the  leasing  of  water 
powers  on  the  public  domain,  and  the  phosphate  land  bill  (see 
pp.  335-336),  reserving  the  same  as  a  part  of  the  public  domain 
and  for  operation  under  the  lease  system. 

There  is  little  chance  that  any  of  these  bills  will  receive 
consideration  at  the  short  session  of  the  61st  Congress.  It 
therefore  appears  probable  that,  so  far  as  Conservation  is  con- 
cerned, the  only  legislation  of  the  61st  Congress  will  be  the  land 
withdrawal  act  above  mentioned  (see  pp.  11-12),  with  the  pos- 
sible exception  that  the  Weeks  bill,  providing  for  the  purchase 
of  forests  on  the  headwaters  of  streams,  may  become  law. 
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Bardeen,  C.  R.,  on  diseases,  365. 

Barley,  average  crop  of,  323. 
yield  of,  in  Wisconsin,  350. 

Beehive  coke  ovens,  waste  of  coal  in, 
28. 

Bessemer  steel,  use  of,  72. 

Bible,    imagery   of,    in   reference   to 
water,  105. 

Bien,  M.,  on  water  rights,  203. 

Bitumen,    use    of,    as    preservative 
coating  for  iron,  73. 

Bituminous  coal,  19,  20. 

Blackwelder,  E.,    on    phosphate    de- 
posits of  west,  330,  331. 


Brass,  use  of  zinc  for,  86. 

Brazil,  iron  ores  of,  65. 

Bristol,  H.  S.,  on  wood  waste,  232. 

Brooks,  A.  H.,  on  coal,  19,  28,  40. 

Bruce,  A.  A.,  on  laws  concerning  con- 
servation, 113,  203,  204,  261, 
363. 

Burgess,  C.  F.,  on  corrosion  of  iron, 
72. 

Butler,  T.  J.,  on  coal,  16. 

By-products,  232,  235. 

California,  referred  to,  88,  113,  136, 

153,  249. 
Campbell,  M.  R.,  on  coal,  20. 
Canada,  iron  ores  of,  65. 
Canals,  164,  288. 
Carbon  dioxide,  increase  of,  in  air,  33, 

373. 
Carter,  E.  E.,  cited,  245,  254,  259. 
Cary  act,  irrigation  under,  193. 
Cattle,  tuberculosis  among,  343. 
Cement,  69,  73,  102. 
Central  heating  plants,  advantage  of, 

30. 
ChamberUn,  T.  C,  on  soil  wastage, 

310,  311. 
Charcoal,  waste  of  wood  in  manufac- 

tm-e  of,  233. 
Chile,  amount  of  nitrates  in,  318. 
China,  floods  in,  248. 
Chittenden,  H.   M.,  on  forests  and 

reservoirs,  252. 
Chlorination,  extraction  of  gold  by, 

89. 
Cholera,  control  of,  367. 
Clapp,  E.  N.,  on  conservative  logging, 

223. 
Cleveland,    Grover,    withdrawals    of 

land  under,  215. 
Climate,  effect  of  increase  of  carbon 

dioxide  on,  33,  373. 
Coal,  amount  of,  available,  22. 
anthracite,  19,  20. 
bituminous,  19,  20. 
classification  and  occurrence  of,  19. 
deposits  of,  19,  22. 
efficiency  of,  19,  31,  33,  35. 
increase  in  amount  used,  23. 
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Coal,  kinds  of,  17. 
land  laws,  35,  36. 
lignite,  19. 

loss  of,  in  making  light,  32. 
making  of,  17. 
most  important  mineral   resource, 

18. 
necessity  for  prolonging  life  of,  18, 

25. 
per  capita  use,  23. 
principles    of    conservation    appli- 
cable to,  61.  359. 
ratio  between  coal  mined  and  that 

available.  26. 
regulation  of  price  of.  44. 
relation  of  use  of.  to  use  of  iron,  74. 
saving  of  by-products  of,  28. 
substitution  of  water  power  for,  124. 
the  public  lands,  35.  39.  41.  42.  43. 
the  rights  of  owners  of.  35. 
waste  of,  26.  27,  28,  29. 
Coal  lands,  classification  of,  296. 
laws,  35,  36. 
price  of,  38. 
unlawfully  taken,  38. 
withdrawal  of,  37,  39. 
Coast  line,  in  United  SUtes.  162. 
Coke.  28,  33. 

Coker.  Robert,  on  guano,  333. 
Colorado,  production  of  silver  in,  88, 

91,  153. 
Commutation  clause,  of  homestead 

act,  282. 
Congress,  attitude  of.  toward  oonser- 
vation  movement,  10,  12. 
power    oi,    to    impose    franchise 
charge  on  water.  148. 
Conservation,  complexity  of  subject, 
362. 
definition  of,  379. 
demands  upon  man,  362,  363. 
importance  of,  375. 
law  in  reference  to,  363. 
of  man,  359,  366,  370. 
principles  of,  1.  61,  106.  135.  262, 

339,  357.  359.  360.  361.  363. 
relation  to  large  holdings,  97. 
to  patriotism,  375. 
to  population,  371. 
Conservation  movement,  attitude  of 
Congress  toward,  10,  12. 
history  of,  2. 

rise  due  to  scientific  men,  3. 
Contour     plowing,     advantages     of, 

312. 
Copper.  74.  79. 
Com,  319,  323,  326,  349. 


Cornell,  educational  grants  of,  290. 
Corporation  land  grants.  288. 
Cotton,  losses  of  phosphorus  due  to, 

327. 
Cox.  W.  T..  on  forests,  262. 
Crooks.  Sir  William,  on  nitrogen  fer- 
tilizer. 318. 
Crops,  187.  201,  298,  317.  323,  361. 

average  value  of,  354. 

improvement  in,  300. 

losses  of.  340. 

of  the  South.  361. 

rotation  of.  317. 

yield  of.  299.  300. 
Cuba,  iron  ores  of.  65. 
CutroB,  107.  109.  114. 
Cyaniding.  extraction  of  gold  by,  80. 

Dairy  farming,  advantages  of,  323. 

Dams,  146.  147,  168. 

DartoD,  N.  H.,  on  underground 
waters,  192. 

Davis,  C.  A.,  on  peat  reserves,  46. 

Day.  D.  T.,  dted.  47,  66.  68. 

Deathrate,  36&-370. 

DeforesUtion,  249,  262. 

Deneen,  Charles  8.,  recommendations 
of,  in  reference  to  construction 
of  waterway  in  Illinois,  176. 

Dennett,  Fred,  dted.  279.  287. 

Denton,  Frank,  on  water  power  oon- 
trol  in  Ontario,  143. 

Deschutes  River,  127. 

Desert  land  aet,  ameodment  to,  286, 
286. 

Diphtheria,  367. 

Diseases,  control  of,  366.  371. 
of  animals,  343,  843. 
of  man.  366-360. 

Dci»^  R.  B..  on  denudation,  307. 

Domain,  public,  original  extent  ol, 
278. 

Donaldson.  Thomas,  on  pubUo  do- 
main. 278,  279. 

Dou^as,  James,  on  loss  of  sulphtir, 
97. 

Drainage.  345-348. 

Earthquakes,  occurrence  of.  in  future, 
374. 

Eastern  Andent  plateaus,  26^270. 

Education,  necessity  for,  363,  366, 
378. 

Educational  grants,  289-292. 
disposal  of,  290. 

Eminent  domain  in  Wisconsin,  fran- 
chises indude  right  of,  159. 
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Enamel,  use  of,  as  preservative  coat- 
ing for  iron,  73. 
Energy,  demand  upon  food  as  source 

of,  352. 
Enlarged  homestead  act,  287. 
Erlanger,  Joseph,  on  water  used  by 

organisms,  104. 
Erosion,  246,  252,  306-314. 
Eugenics,  relation  to  conservation  of 

man,  370. 
Evaporation,  conditions  upon  which 

dependent,  108. 
Exports,  of  grain,  325,  326. 
metals,  101. 
petroleum,  52. 
phosphates,  325,  329,  336. 
wheat,  325. 

Fairchild,  F.  R.,  on  taxation  of  timber 

lands,  257. 
Fall  line,  269. 
Farm  lands,  297. 
Farm  products,  339,  340,  352. 
Farms,  abandoned,  303. 

wearing  out  of,  303,  304. 
Fertilizer,  loss  of,  337. 
Fire  losses,  220,  235,  237, 243,244,256. 
Fires  and  forests,  220,  238,  242. 
Fires,  causes  of,  236. 

control  of,  240,  244. 

effect  of,  on  composition  of  forests, 
238. 
on  stream  flow,  239. 

laws  in  forests,  242,  243. 
Fischer,  Albert,  on  bacteria,  317. 
Fisher,  Irving,    on    conservation    of 

man,  364. 
Flood  damages,  181,  182. 
Floods,  125,  246,  251. 

increase  of  frequency  of,  251. 

in  various  countries,  247-249. 
Fly-off,  amount  of,  107-108. 
FoUansbee,  Robert,  on  swamp  lands, 

344. 
Food,  demand  upon,  as  a  source  of 
energy,  352. 

the  main  problem  of  man,  364. 
Forestry  Bureau,  establishment  of,  4. 
Forest  Service,  establishment  of,  215. 
Forests,  absorption  of  water  by,  245. 

age  of  trees  in,  220. 

average  growth  of,  254. 

campaign  of  education  in  reference 
to,  261. 

consumption  of,  218. 

contents  of,  208-209. 

destruction  of,  by  insects,  256. 


effect  of,  on  reservoirs,  129. 

effect  of  removal  of,   on  Appala- 
chians, 250. 

erosion  prevented  by,  246,  313. 

extent  of,  208-210,  217. 

fire  laws  in,  242,  243. 

fires,  220,  235,  237,  239,  243. 

how  owned,  210. 

increased  stocking  of,  264. 

maintenance  of,  245. 

materials  from,  218. 

methods  of  restocking,  264. 

national,  215,  216,  243. 

patrol,  240,  244. 

per  capita  use  of  wood  in,  222. 

possible  yield  of,  262. 

principles  of    conservation    appli- 
cable to,  262,  361. 

private,  212. 

relation  of  irrigation  to,  191. 

reserves,  212,  214,  215,  253. 

responsibility  of  owner,  260. 

saw  timber  in,  217. 

situation  in,  under  ideal  conditions, 
260. 

taxation  of,  257-259. 

waste  of,  218. 
Forests  and  fires,  220,  238,  242. 
France,   control  of  water  power  in, 
142. 

floods  in,  248. 

reforestation  in,  249. 
Frauds,  land,  extirpation  of,  288. 
Freight  rates,  179,  180. 
Freund,  E.,  on  fixing  prices  of  prod- 
ucts, 44. 
Fruits,  losses  from  insects,  339. 

new  varieties  of,  351. 

Gale,  Hoyt  F.,  on  phosphate  deposits 
of  the  west,  331. 

Galloway,  B.  T.,  cited,  353,  354. 

Gannett,  Henry,  cited,  16,  25,  372. 

Garfield,  James  R.,  cited,  37,  335. 

Gas,  lands,  withdrawal  of,  61. 

principles    of    conservation   appli- 
cable to,  360. 

Gas  engine,  substitution  of,  for  steam 
engine,  31. 

Gas  lands,  withdrawal  of,  61. 

General  Electric  Co.,  amount  of 
water  power  owned  and  con- 
trolled by,  135. 

Germany,  potassium  deposits  of,  319. 

GUmore,  E.  A.,  cited,  44,  144,  145. 

Glenn,  L.  C.,  on  forests  and  floods, 
252. 
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Gold,  86-91. 

in  circulation,  00. 

losses  of,  88. 

production  of,  86,  90. 

relation  to  prices,  90. 

reserve  of,  74,  88. 

substitution  of  certificatea  for,  90. 

used  in  the  arts,  91. 

usee  of,  89,  91. 
Goes,  W.  F.  M.,  on  use  of  anthracite 

coal  in  locomotive,  34. 
Graduation  act,  281. 
Grain,  exports  of.  325.  326. 

improvement  in  yield  of,  348. 

loeses  of,  due  to  smut,  340. 
Grain  fanning,  expensive,  323. 
Grape  fruit,  development  of,  351. 
Great  American  Deoert,  location  of. 

274. 
Great  Lakes,  navigAtaon  on,  162. 166. 
171. 

shore  line  of,  162. 
Great  Plains.  272-274. 
Griffith,  E.  M..  on  utilixatioD  of  by- 
products. 234. 
Guano.  328,  333. 
Gullies,  control  of.  314. 

Hale,  Eugene,  referred  to.  11. 

Hall,  W.  L.,  on  the  Appalachian  re- 
gion, 251. 

Harder,  E.  C,  dted,  63.  66,  69. 

Harrison.  Benjamin,  withdrawals  of 
land  under.  212.  215. 

Hart,  E.  B..  on  phosphorus,  320. 

Hawley.  L.  F..  on  wood  waste,  232. 

Hayes.  C.  W..  cited.  54.  63.  64. 

Health,  effect  of  drainage  on.  347. 
relation  of,  to  happiness,  371. 

Heat,  relation  of,  to  soil.  265. 

Herring.  W.  E..  on  applications  of 
water  power,  136. 

Hill,  B.,  on  natural  gas.  56. 

Hill.  James  J.,  cited.  164.  167.  181. 
298.  300,  302,  326,  327.  357, 
358. 

Holmes,  G.  K..  on  farm  values.  298. 

Holmes.  J.  A.,  on  conservation  of 
metals.  101. 

Homans,  G.  M.,  on  forests,  212. 

Homestead  act,  282-284. 

Hopkins,  C.  G.,  cited,  319,  321. 

Horton,  A.  H,,  on  absorption,  245. 

Hough,  F.  B.,  on  forest  reserves,  212. 

Howard,  L.  O.,  on  losses  due  to  ma- 
laria, 348. 

Howe,  F.  C.,  cited,  124,  141. 


Humid  region,  irrigation  in,  200. 
Humidity,  effect  of  change  in.  374. 
Hydraulic  mining,  effect  of,  250. 
Hydro-electric  power,  eactension   of, 
132. 

Idaho,  control  of   water   power  in, 

154. 
Illinois,  water  power  in,  132,  161. 
Indians,  dispossesBon  oi,  277. 
fires  caused  by,  236. 
number  of,  277. 
Individualism,  age  of,  377. 
Infant  mortality,  decrease  of,  368. 
Inland   Waterways   Commission,   5, 

104,  162,  167,  175. 
Insects,  destruction  of  trees  by.  255. 

losses  due  to,  339,  340. 
Iron,  62-73. 
estimate  of  naomom,  68. 
loss  by  met,  72. 

imporUnt  of  the  metals,  62. 
of,  68,  72,  73. 
relatkm  of  use  of,  to  use  of  coal,  74. 
substitution  of  cement  and  stone 

for,  60. 
use  of,  in  place  of  wood.  70. 
use  of  sine  for  galvamsiDg  of,  86. 
uses  of.  62. 
waste  of.  74. 
Iron  ore.  distribution  of.  64. 
holdings  of  U.  8.  Steel  Corporation, 

65. 
in  other  countries,  65. 
Lake  Superior  refion,  04. 
life  of,  68-71. 
phosphate  in,  382. 
production  of.  in  the  United  States. 
66. 
Irrigated  lands,  187-192. 
Irrigation,  185-207. 
amount  of  water  required  in,  116» 

189. 
crops  to  which  applied,  201. 
definition  of.  185. 
effect  of.  on  productivity  and  value 

of  land.  188. 
importance  of,  187. 
in  humid  regions.  200. 
in  the  United  States,  186. 
laws  of,  202. 

methods  of.  191.  192-194. 
practiced  by  ancients,  185. 
relation  to  forests,  191. 

to  reservoirs,  191. 
water  power  developed  in 
tion  with,  149. 
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Irrigation  division,  establishment  of, 
4. 

Italy,  control  of  water  and  reforesta- 
tion, 142,  247. 

Japans,  used  as  preservative  coating 

for  iron,  73. 
Jevons,  W.  S.,  on  fertility  of  land,  306. 
Johnstown  flood,  damage  caused   by, 

140. 
Joint   Committee   on    Conservation, 

establishment  of,  12. 
Jones,  E.  R.,  on  drainage,  346. 

Kellogg,  R.  S.,  cited,  208,  220,  262. 
Kerr,  Frank  M.,  on  cost  of  improve- 
ment of  waterways,  175. 
King,  F.  H.,  cited,  105,  185. 

Lacquers,  use  of,  as  preservative  coat- 
ing for  iron,  73. 
Lake  Plains,  271. 
Lake  Superior,  iron  ores  of,  64. 
Lakes-to-the-Gulf     Waterway     Con- 
vention, 134. 
Land,  agricultural,  276. 

amount  of  cash  sales  of,  280. 

amount  irrigated,  192. 

classification  of,  266. 

coal,  35,  36,  39,  296. 

decreased  fertility  of,  298. 

destruction  of,  by  alkali,  305. 

extent  of,  264. 

fertmty  of,  264,  303. 

frauds,  288. 

gas,  withdrawal  of,  61. 

government  purchase  of,  278. 

granted  for  educational  purposes, 
289,  292. 

influence    of    conservation    move- 
ment on  classification  of,  296. 

laws,  36,  99,  279,  280,  289,  295,  296, 
297,  335. 

laws  pending  in  reference  to  classi- 
fication, 296,  297. 

mineral,  98. 

ownership  of,  277. 

petroleum,  withdrawal  of,  54. 

phosphate,  335. 

power  sites,  withdrawal  of,  9,  150. 

public,  price  of,  279. 

relation  of  depth  of  soil  to  fertility 
of,  264. 

relation  of  productivity  of  to  popu- 
lation, 263. 

state,  cession  of,  278. 

swamp,  344,  345. 


timber,  taxation  of,  267-269. 
withdrawal  of,  212,  215. 

wet,  reclamation  of,  344. 
Laws,  agriculture,  354. 

conservation,  363. 

drainage,  345. 

erosion,  314. 

fires,  242,  243. 

irrigation,  202. 

land,  36,  99,  279,  280,  289,  206,  296, 
297,  335. 

phosphate,  335. 
Leaching,  phosphorus  lost  by,  326. 
Lead,  79-82. 

losses  of,  80. 

low  grade  ores,  80. 

production  of,  79,  80. 

reserve  of,  74. 

use  of,  in  manufacture  of  paint,  82. 

uses  of,  82. 
Leavitt,  Clyde,  on  forest  fires,  235. 
Legumes,  manufacture  of  nitrogen  by, 

317. 
Leighton,  M.  O.,  cited,  116,  118,  120, 
124,   128,   142,  146,  147,  182, 
245    251. 
Life,  length  of,  364,  365,  371. 
Light,  production  from  water  power, 
124. 

relation  to  soil,  265. 
Lightning,  fires  caused  by,  236. 
Lignite,  nature  of,  19. 
Lindgren,  Waldemar,  cited,  78,  88. 
Livestock,  control  of  diseases  of,  342. 
Lumber,    consumption   and   produc- 
tion of,  222. 

McCollum,  E.  v.,  on  phosphorus,  320. 

McGee,  W  J,  cited,   107,   111,   113, 

120,  164,  183,  188,   190,  265, 

277,  307,  311,  341. 

McKinley,   William,  withdrawals  of 

land  under,  215. 
Malaria,  348,  368. 
Mammals,  losses  due  to,  340. 
Man,  adaptability  of,  374. 
conservation  of,  364,  366. 
demands  of  conservation  up)on,  362, 

363. 
destiny  of,  379. 
diseases  of,  365. 
dominance  of,  373. 
length  of  life  of,  364. 
relation  of  eugenics  to  conservation 

of,  370. 
responsibilities  of,  374,  377. 
Manure,  317,  327,  337. 
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Margolin,  Louis,  on  waste  in  milling, 

227. 
Marlatt,  C.  L.,  on  loeses'  due  to  in- 

secta,  339. 
Martin,  G.  C,  on  amount  of  coal  in 

Alaska,  39. 
Maxwell,  H.,  on  the  Appalachian  re- 
gion, 251. 
Mechanical  stokers,  coal  saving  on, 

29. 
Medicine,  influence  of,  in  lengthening 

life,  365. 
Mendenhall,  W.  C,  cited,  112.  116, 

214. 
Merriam,   C.   H.,   on  looses  due  to 

mammals,  340. 
Metals,  classification  of,  62. 
exportation  of,  101. 
principles    of    conservation    appli- 
cable to.  61,  360. 
Michigan,  production  of  copper  in, 

78. 
Military  bounties.  Und  di^KMed  of 

under,  287. 
Milk,  ordinance  regulating  sale  of, 

343. 
Mineral  fuels,  classification  of,  16. 
Mineral  land  ooi.  284. 
Biineral  land*.  ^Oaptml  of.  00,  100, 

284. 
MgregAtion  of,  08. 
Mineral  resources,  15.  16.  18. 
Mining,  hydraulic,  effect  of.  260. 
Minnesota,  reservoirs  of.  12^. 
Missouri,  loss  of  lead  in  mining  in,  80. 
MondeU  biU,  36. 
Montana,  metals  of,  78.  01. 
Moore,  Barrington,  on  forest*  and 

floods,  252. 
Moore.  R.  A.,  cited.  340,  342. 
Moore,  W.  L.,  on  forests  and  floods. 

251. 
Muscle  Shoals,  development  of  water 

power  at,  133. 

National  Academy  of  Science,  effect 

of  work  of,  4. 
National    Conservation    Association, 

12,  13. 
National  Conservation  Commission, 

7,  8.  11,  36,  104.  296. 
National   Conservation   Congress  at 

Seattle.  134. 
National  forests,  4,  150,  215,  216, 223, 

243. 
National     Irrigation     Congress     at 

Spokane,  134. 


National   Rivers  and  Harbors  Con- 

gress.  172. 
Natural  gas,  55,  61. 
life  of,  56. 
use  of,  56. 
waste  of.  66.  68.  60. 
Natural  resources,  amount  of .  2,  8, 

376. 
definition  of.  1. 
Naval  stores,  230. 
Navigation.  162.  185. 
Nelson,  Knutc.  cited,  10.  286. 
Nevada,  production  of  gold  in,  88. 
Newell,  F.  H..  cited.  133.  185.  104. 
New  South  Wales,  control  of  water 

power  in,  141. 
New  York,  water  power  in,  166.  166. 
New  York  State  Supply  Commission, 

124.  131. 
Niagara,  water  power  at.  126.  120. 
Nitratea,  318. 

Nitroien  in  soO.  816,  318,  350.  361. 
Noble.  J.  W..  referred  to.  214. 
Non-metaliio  reaooroea,  102. 
Normal  Sdiool  grants,  amount  of, 

200. 
North  Ameriean  Conservation  Con- 
ference, 0.  133. 
North  Dakota,  control  of  water  in, 

164. 

Oats,  averace  crop  of.  823. 
Ohio,  floods  of  the,  251. 

system  of  reservoirs  on,  128. 
Ofl,  principles  of  conservation  appli- 
cable to.  360. 
Oloott,  W.  J.,  on  boats  on  Grsat 

Lakes.  166. 
Olmsted.  H.  V.,  on  crop  yield,  200. 
Ontario,  contn^    of  forest   fires  in. 
241. 
control  of  water  power  in,  143. 
Orange  groves,  extent  of,  276. 
Orange,  navel,  introduction  of.  351. 
Oregon,  control  of  water  power  in, 

165. 
Osarks.  271. 

Pacific  region.  275. 

Paint,  use  of  lead,  sine,  and  iron  in 
manufacture  of,  73.  82,  86. 

Panama  Canal.  170. 

Paiker,  E.  W..  on  areas  and  quan- 
tities of  coal.  20. 

Patriotism  and  conservation.  375,  377, 
378. 

Patrol,  forest,  240,  244. 
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Peat,  amount  of,  46. 

problem  of  conservation  in  refer- 
ence to,  61. 
Peck,  A.  S.,  on  forest  planting,  244. 
Penrose,  R.  A.  F.,  on  nitrate  deposit, 

318. 
Peters,  I.  G.,  on  forests,  212. 
Petroleum,  47,  55. 
,  exportation  of,  52. 
lands,  lease  of,  55. 

withdrawal  of,  54. 
life  of,  47,  48,  55. 
uses  of,  48. 
Phosphates,  330,  339. 

amount    of    available,    328,    331, 

332. 
exportation  of,  325,  329,  336. 
future  value  of,  332,  335. 
in  bones,  332. 
in  iron  ores,  332. 
lands,  withdrawals  of,  335. 
laws,  335. 
life  of,  329. 
loss  of,  in  fertilizer  produced  by 

man,  337. 
power  of  government  to  control  ex- 
port of,  336. 
waste  in  mining,  335. 
I        Phosphorus,  in  grain,  320,  323. 

amount  of,  in  soil  and  original  crop, 

321. 
comparison  of  dairy  and  grain  farm- 
ing with  reference  to,  323. 
depletion  of  soils  in,  321. 
importance  of,  320,  338. 
in  guano,  328. 
losses  of,  321-327,  337. 
principle  of  conservation  applicable 

to,  339. 
relation  of  agriculture  to  loss  of, 

322,  323,  338. 
remedies  for  depletion  of,  334. 
repeated  use  of,  338. 
segregation  of,  328. 
sources  of,  327. 
Piedmont  plateau,  270. 
Pinchot,  Gifford,  referred  to  or  cited, 

4,  215. 
Plague,  control  of,  367. 
Plains,  Atlantic  and  Gulf,  268. 
Plants,  constituents  of,  315. 

use  of  water  by,  108. 
Poe,  C.  H.,  on  the  necessity  of  agri- 
cultural education,  354. 
Population,  and   conservation,   371- 
372. 
efifect  of  drainage  on,  348. 


Population,  relation  of,  to  productiv- 
ity of  land,  263. 

Potassium,  319. 

Powell,  J.  W.,  referred  to  or  cited,  4, 
197,  296. 

Power  sites,  withdrawal  of,  9,  160. 

Power,  sources  of,  118-122. 

Prairie  Plains,  271. 

Precipitation,  amount  of ,  107, 114, 189. 

Preemption  act,  281. 

Price,  O.  W.,  on  forests,  262. 

Prices,  regulation  of,  44-45,  137. 
relation  of,  to  gold,  90. 
of  transportation  to,  167. 

Prior    appropriation    of  water,    198, 
203,  205. 

Private  sale,  law  permitting,  280. 

Prussia,  amount  of  land  burned  over 
in,  240. 

Public  Domain,  278,  293. 

Public  opinion,    position    of    farmer 
toward,  354. 

Railroad  grants,  amount  of  land  dis- 
posed of  under,  287,  288. 
Railways,   amount  necessary  to  de- 
velop, 167. 
congestion  of,  180. 
Railways  and  waterways,  170,  171. 
Rainfall,  105,  106,  107,  189,  190. 
Randall,  on  central  heating  plants,  30. 
Reclamation,  advantages  from,  346. 
of  wet  lands,  34. 

storing  storm  waters  incidental  to, 
183. 
Reclamation  service,  work  of,   194- 

196. 
Rectangular    plowing,    efifect    of,  on 

erosion,  309. 
Reforestation,  244,  247. 
Reservoirs,  benefits  of,  127,  128,  129, 
132,  183,  191. 
cost  of,  174. 
in  Wisconsin,  128,  160. 
necessity  for,  126. 
on  Ohio  River,  128. 
on  Upper  Mississippi,  173. 
power  of  government  to  construct, 

174. 
public   control   and   ownership  of, 

138-139. 
relation  of  irrigation  to,  191. 
withdrawal  of  sites  for,  4. 
Right,  new  definition  of,  377. 
Riparian  rights,  159.  203,  204. 
Rivers,   improvement   of,    165,    172, 
173. 
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Rivers,  number  used  for  transporta- 
tion, 163. 

Rocks,  relation  of,  to  soil,  266. 

Rocky  Mountains  and  Western  Pla- 
teaus, 275. 

Roosevelt,  T.,  referred  to  or  cited,  6, 
7,  9,  10,  37,  39.  54,  150,  216, 
335. 

Roots,  extent  of,  112. 

Rotation  of  crops,  effect  of,  on  nitro- 
gen, 317. 

Roth,  Gilbert,  on  forests  and  floods. 
262. 

RuiM)ff.  107.  116.  116,  117. 

Rust,  loos  of  iron  by,  72. 

St.  Lawrence,  natural  icseivoir  of. 

126. 
Salt,  supply  of,  102. 
Sawdust,  utilisation  of,  234. 
Schwarts.  H.  H..  dted.  282,  286,  289. 
Script  land,  287. 

Secondary  education,  effect  of  educa- 
tional grants  on,  292. 
Seepage,  loss  of  water  by.  198. 
Sewage,  phosphorus  lost  in,  324.  337. 
Shaler,  N.  S..  dted,  313.  321,  333. 
Sherfesee.  W.  F.,  on  wood  preserva- 

tivos.  231. 
Silver,  91-94. 
production  of,  91. 
reserve  of,  74. 

substitution  of  oertifioates  for,  92. 
uses  of,  91,  94. 
Wiwhings.  burning  of,  241-243. 
Smallpox,  366. 
Smith,  Herbert  E..  dted.  136.  162, 

164.  167. 
Smith,  Hoke,  work  in  reference  to 

forest  reserves,  216. 
Smoke,  loss  of  coal  by.  29. 
Smoking  chimney,  losses  due  to.  30. 
Social   structure,   future  change  in, 

379. 
Soil,  causes  of  deterioration  of,  307, 
314. 
composition  of,  266. 
depth  of,  264. 
making  of.  266,  307. 
of  Alleghany  plateaus.  270. 
Appalachian  ranges,  270. 
Atlantic  and  Gulf  Plains,  269. 
Eastern  Andent  plateau,  270. 
Great  Plains.  272. 
Lake  Plains,  271. 
Osarks.  271. 
Pacific  region,  275. 


Piedmont  plateau,  270. 
Prairie  Plains,  271. 
Rocky  Mountains  and  Western 
plateaus,  275. 
principle  of  conservation  applicable 

to,  361. 
relation  to  air,  266,  318. 
devation,  268. 
heat,  266. 
light,  266. 
man,  316. 

phosphorus,  319,  321. 
popiilation,  263. 
potassium,  319. 
rocks.  266. 
water,  266. 
Soybean  and  nitrogen.  360. 
Sphagnum,  ses  Peat,  46. 
Spillman.  W.  J.,  on  agricultural  pro- 
duction, 299. 
Stabler.  H..  on  denudation,  307. 
State     Conservation     Commissions, 

number  of,  8. 
State  lands,  cession  of,  278. 
SUte  park,  history  of.  in  Wisoonsin, 

216. 
State  univerdtiee.  founding  of.  291. 
Steam   engine,   substitution   of   gas 

engine  for,  31. 
Steam  power,  130.  131. 
Steel,  72.  73.  266. 
Stoddart.  C.  W.,  dted,  106,  110.  321. 

324.  326. 
Stone,  A.  L..  on  weeds.  342. 
Stone,  substitution  for  other  mate- 
rials. 102.  266. 
Storm  waters,  advantages  of  storing 

of.  181-183. 
Stream  flow,  estimate  of,  in  United 
Stotes,  119. 
influence  of  forest  on.  126. 
reservoirs  on,  126. 
Streams,  navigable,  of  Wiscondn.  168. 
rdation  of  bed  of,  and  water  rights, 

168. 
unequal  flow  of,  126,  173. 
Suhhumid  region,  where  located.  199. 
Sud worth,   G.   B..   on   turpentining, 

229. 
Sugar  beet,  introduction  of,  361. 
Sulphur.  96.  97.  103. 
Sun,  energy  of,  used  for  power,  121. 
Swain.  G.  F..  on  forests  and  floods, 

252. 
Swamp  land  act,  292. 
Swamp  lands,  area  of,  344,  345. 
grants,  292,  346. 
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Swamps,  glacifel,  location  of,  345. 

reclamation  of,  345. 
Switzerland,  water  power  of,  124,  141. 

Taft,  W.  H.,  President,  referred  to 
or  cited,  37,  42,  54,  61,   150, 
175,  196,  335. 
Tannic  acid,  waste  of,  233. 
Tavernier,  Rene,    on   water   powers, 

142,  146,  147. 
Tawney,  James  A.,  referred  to,  11. 
Tax,  on  forests,  257-259. 
^   on  water  powers,  137,  184. 
Tax  laws,  reformation  of,  257,  258, 

259. 
Teal,  I.  N.,  on  development  of  water 
power    on    Deschutes    River, 
127. 
Temperature,  change  in,  373. 
Terraces  and  erosion,  312,  313. 
Thayer,  Walter,  on  transportation  on 

the  Great  Lakes,  163. 
Thomas,  David  Y.,  on  agricultural 

education,  349. 
Tides,  use  of,  for  power,  120. 
Timber,   growth  may  be  increased, 
223-227. 
life   of,  extended   by  preservative 

treatment,  231. 
loss  of,  by  cutting,  224. 
by  insects,  255. 
in  turpentining,  229. 
possible  production  of,  260-262. 
reducing  loss  in  milling,  228-229. 
saw,  217. 

waste  of,  218,  223-227. 
See  Forests. 
Timber  and  stone  act,  286. 
Timber  culture  act,  284. 
Tin,  used  as  preservative  coating  for 

iron,  73. 
Tobacco,  losses  of  phosphorus  due  to, 

327. 
Towns,  relation  of  natural  resources 

to,  239. 
Tracy,  S.  M.,  on  farm  crops  of  the 

South,  351. 
TraflBc,  amount  of,  on  coast  line,  162. 
on  Great  Lakes,  171. 
decline  of,  on  canals,  164. 
development  of,  on  Great  Lakes, 

171. 
effect  of  Panama  Canal  on,  180. 
Transportation,  cost  of,  by  rail  and 
water,  165. 
railway  and  water  compared,  164, 
169. 


relation  of,  to  prices,  167. 

water,  influence  of,  on  freight  rat«0, 
179. 
Trees,    destruction    of,     by    insecta, 

255. 
True,  A.  C,  on  swamp  lands,  344. 
Tuberculosis,  368. 

extent  of,  among  cattle,  343. 
Turpentine,  saving  of,  232, 
Turpentining,  loss  of  timber  in,  229. 
Typhoid  fever,  367. 

Underground  water,  110-115. 
circulation  of,  115. 

United  States  Census  Bureau,  on 
amount  of  water  power  devel- 
oped, 118. 

United  States  Geological  Survey, 
cited,  23,  31,  32,  38. 

United  States  Steel  Corporation,  hold- 
ings of  iron  ore  of,  65. 

University  grants,  amount  of,  289. 

Upper  Mississippi  Valley,  reservoirs 
of,  128. 

Utah,  production  of  copper  and  silver 
m,  91. 

Vaccination,  introduction  of,  366. 

Valleys,  intermontane,  fertility  of, 
275. 

Van  Dyke,  J.  C,  on  roots,  112. 

Van  Horn,  F.  B.,  on  phosphate  de- 
posits, 329,  330,  332. 

Victoria,  Australia,  control  of  water 
power  in,  141. 

Wagon    road    grants,    amount     of, 

288. 
Washington,  control  of  water  power 

in,  154. 
Washington,     Booker     T.,     on     the 
negro's   part  in  southern  de- 
velopment, 354. 
Water,  104-207. 

absorption  of,  by  forests,  245. 
amount  falling  upon  United  States, 

106. 
amount  required  by  organisms,  104. 

in  irrigation,  189. 
control  of,  145,  205. 
control,  relation  of,  to  erosion,  310, 

311. 
extent  to  which  public,  145. 
imagery  of  Bible  in  reference  to, 

105. 
importance  of,  104,  105. 
influence  of,  on  extent  of  roots,  112. 
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Water, 
law  of  West  in  reference  to,  202. 
losses  due  to  careless  use  of,  198. 
new  laws  in  reference  to,  207. 
ownership  of,  206. 
principles    of    conservation  appli- 
cable to,  106,  360. 
prior   appropriation    of,  198,    203, 

205. 
relation  of  bed  of  stream  and,  158. 
relation  to  other  resouroes,  362. 

to  productivity  oi  soil,  265. 
rights,  abuses  of,  206. 
source  of,  106. 

sources  of,  for  irrigation,  191. 
supply,  106,  116. 

amount  of,  in  cities,  116.  117. 
table,  lowering  of,  1 13. 
transpiration  of,  by  plants,  109. 
use  of.  by  desert  plants,  1 10. 
Water  power,  118-161. 

advantages  of  development  of,  122. 

public  control,  135. 
amount  available,  118. 

of  run-off  used  for,  1 16. 
diarge  for,  on  govemmeoi  domain, 

149. 
oonceesions  in  national  forast,  160. 
conditions  for  satislaotocy  devekqH 

ment  of,  125. 
consolidation  of,  135. 
control  of.  133-151. 
by  sUtes.  136,  152-155. 
in  foreign  countries,  141. 
in  the  United  States,  144. 
cost  of,  129,  130. 
declarations  in  reference  to  control 

of.  133-134. 
district  monopoly  of,  136. 
economic   advantage   of   substitu- 
tion of,  for  ooal,  124. 
economy  in  substituting  for  steam 

power,  131. 
effect  of  irrigation  on  development 
of,  149. 
public   control   on   development 

of.  138,  139. 
reservoirs    on    development    of. 

127.   128. 
storing  of  storm  waters  on,  183. 
estimate  of,  119. 

influence  of  exhaustion  of  coal  on, 
120. 
on  manufacturing  industries,  122. 
on  position  of  nations.  124. 
laws  concerning,  in  public  domain, 
150. 


leases  in  reference  to.  161. 
original  ownership  of.  135. 
power  of  Congress  to  impose  fran- 
chise charge  on,  148. 
principle     of     conservation     with 

reference  to.  135. 
public  control  of,  133-140.  152. 
sale  of.  147.  149. 
sites,  withdrawals  of,  150. 
subdivision  of  energy  from,  122. 
substitution  of,  for  coal.  124. 
tax  on.  137.  184. 
tnuMmisBion  of.  120-121. 
undeveloped,  control  of,  139. 
use  of.  for  light,  124. 
for  railways.  123. 
value  of.  129. 
Waterwaya.  advantaces  of  develop- 
ment of.  181-186. 
amount  neoessary  to  develop,  167. 
co<^)eration  of  raflways  with,  171. 
improveoient  of,  167,  172.  174. 
probable  futuie  development   of, 

178. 
situation  in  Europe  in  refefenoe  to, 
167. 
Waterways  and  railways.  170.  171. 
Weeds,  eradication  of,  342. 
extent  of,  341. 
Umbos  due  to,  341. 
Weiss,  H.  P.,  on  wood  preservatives, 

231. 
Welliver.  J.  C,  on  European  water* 

ways.  167. 
Wesdagbottse  Company,  amount  of 
water  power  owned  and  oon- 
troOed  by.  135. 
Wet  lands,  of  HoUand,  345. 

redamation  of.  344. 
Wheat,  eacports  of.  325. 
losses  due  to  insects,  339. 
pn^ts  and  losses  in  yield  of.  302. 
yield  of.  302,  323,  349. 
White  House  Conference,  calling  of, 

5-7. 
White.  I.  C.  dted.  29.  58.  59. 
^Vhitson.  A.  R..  cited.  321.  324,  326, 

334.  346. 
Wickersham,  on  water  power,  147. 
WUson.  H.  M.,  dted.  30.  256. 
Winds,  use  of.  for  power,  121. 
Wisconsin,  referred  to.  128.  158.  159, 

160,  216.  350. 
Wisconsin  River,  reservoirs  on.  128. 
Wisconsin  State  Conservation  Com- 
mission, recommendations  of, 
159. 
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Woelke,  W.  V.,  on  water,  114,  250. 
Wood,  consumption  of,  222. 

effect  of  forest  fires  upon  value  of, 

239. 
loss  of,  in  logging,  223. 
per  capita  use  of,  222. 
production  of,  222,  223,  259. 
pulp,  waste  of,  234. 
relation  of  use  to  fire  loss,  256. 
substitution  of  other  products  for, 

70,  256. 
waste  of,  in  manufacture  of  char- 
coal, 233. 
See  Timber, 


Wright,  Charles  E.,  on  water,   146, 

152. 
Wright,  J,  O.,  on  swamp  lands,  346. 
Wyoming,  control  of  water  power  in, 

154. 

Yellow  fever,  367,  368. 

Ziegler,  E.  A.,  on  forests,  222. 

Zinc,  82-85. 

losses  of,  84-85. 
production  of,  82. 
reserve  of,  74. 
uses  of,  73,  83,  86. 
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